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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the publication of the 
Philosophical Transactions, take this opportunity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Society, as from repeated 
declarations which have been made in several former Transactions, that the printing of 
them was always, from time to time, the single act of the respective Secretaries till the 
Forty-seventh Volume; the Society, as a Body, never interesting themselves any further 
in their publication, than by occasionally recommending the revival of them to some of 
their Secretaries, when, from the particular circumstances of their affairs, the Transactions 
had happened for any length of time to be intermitted. And this seems principally to 
have been done with a view to satisfy the Public, that their usual meetings were then 
continued, for the improvement of knowledge, and benefit of ma nkin d, the great ends 
of their first institution by the Royal Charters, and which they have ever since steadily 
pursued. 

But the Society being of late years greatly enlarged, and their communications more 
numerous, it was thought advisable that a Committee of their members should be 
appointed, to reconsider the papers read before them, and select out of them such as 
they should judge most proper for publication in the future Transactions ; which was 
accordingly done upon the 26th of March 1752. And the grounds of their choice are, and 
will con tin ue to be, the importance and singularity' of the subjects, or the advantageous 
m arm at of trea ting them; without pretending to answer for the certainty of the facts, 
or propriety of the reasonings, contained in the several papers so published, which must 
still rest on the credit or judgement of their respective authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
upon any subject, either of Nature or Art, that comes before them. And therefore the 

a 2 



[ iv ] 

thanks, which are frequently proposed from the Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons thiough whose 
hands they received them, are to be considered in no other light than as a matter of 
civility, in return for the respect shown to the Society by those communications. The 
like also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society; the authors whereof, or those 
who exhibit them, frequently take the liberty to report and even to certify in the public 
newspapers, that they have met with the highest applause and approbation. And 
therefore it is hoped that no regard will hereafter be paid to such reports and public 
notices; which in some instances have been too lightly credited, to the dishonour of the 
Society. 

The Meteorological Journal hitherto kept by the Assistant Secretary at the Apart¬ 
ments of the Royal Society, by order of the President and Council, and published in 
the Philosophical Transactions, has been discontinued. The Government, on the recom¬ 
mendation of the President and Council, has established at the Royal Observatory at 
Greenwich, under the superintendence of the Astronomer Royal, a Magnetical and 
Meteorological Observatory, where observations are made on an extended scale, which 
are regularly published. These, which correspond with the grand scheme of observations 
now carrying out in different parts of the globe, supersede the necessity of a continuance 
of the observations made at the Apartments of the Royal Society, which could not be 
tendered so perfect as was desirable, on account of the imperfections of the locality and 
the multiplied duties of the observer. 
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PHILOSOPHICAL TRANSACTIONS. 


I. Researches cm the Foraminifera. 

By William B. Carpenter, M.D., F.B.8 ., F.&.8., &c. 

Received June 17,—Read June 17,1858. 


PART IH. 

ON THE GENERA PENEROPLIS, OPEROTJLINA, AND AMPHISTEGINA. 

119. In my prece ding memoirs, I have shown that two very dissimilar types of structure 
present themselves among Foraminifera; one characterized by its simplicity, the other 
by its complexity. In the former, of which OrUtolites , OrUculina, and Akeolina are 
typical examples, the calcareous skeleton does not present any definite indications of 
organization, but seems to have been formed by the simple calcification of a portion of 
the homogeneous sarcode-body of the animal; that sarcode-bodyis but very imperfectly 
divided into segments, the communication between the cavities occupied by these 
segments being very free and irregular; the form of the segments themselves, and the 
mode of their connexion, are alike inconstant; and even the plan of growth, on which the 
character of the organism as a whole depends, though preserving a generaj uniformty, 
is by no means invariably maintained. In the latter, to which Qychclfpm and Hete- 
rostegim belong, we find the calcareous skeleton presenting a very definite and elaborate 
organization; the several segments'of the body are so completely separated from each 
other, that they remain connected only by delicate threads of sarcode; each segment 
thus isolated has its own proper calcareous envelope, which seems to bemoulde^as it. 
We) upon it, and this envelope or shell is perforated with minute parallel tubuli, 
closely-resembling those of dentine except in the absence of bifurcation or ranuficar 
tfc/ pariaiion-waJls between adjacent segments are consequently double, and are 
stMngthened by an intermediate .calcareous deposit, which is traversedby a systera of 
“ ' that seems properly to belong to ii 1^evfonn,,of the segments, 
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this type, to the greater individualization of the parts of the composite body, which m 
the preceding must be looked upon rather as constituting one aggregate whole. 

120. I purpose in the present memoir to carry on this contrast, by presenting a 
detailed .comparison of the structure of two generic forms, which, whilst they so far 
agree in general plan of growth as not only to have been ranked by M. d’Orbigny side 
by side in his order ESlicosUgues, but to have been placed by other systematists in close 
apposition, differ in the most marked manner as to all the particulars just enumerated. 
Both these types are of peculiar interest—ithe first, Peneroplis, on account of the very 
wide r ang e of variation it presents, which has led to the establishment of three genera, 
apparently distinguishable by well-marked differences in conformation, upon what I feel 
satisfied will prove to be but individual modifications of one and the same specific type ; 

_the second, Operculina, as being the nearest existing representative of Nummulites, and 

consequently as affording not merely the key to the elucidation of the structure, but 
also the basis for the determination of the value of the reputed species, of that genus, 
by the study of the range of variation which it presents; this range being, though more 
restricted than in the preceding case, still quite sufficient to justify a large multiplica¬ 
tion of species, in the estimation of those who do not practise that extended method of 
comparative inquiry, on the importance of which I have dwelt in a former Memoir 
(5f 74). With the latter of these genera, as also with Nummulites, I shall prove that 
the genus Amphistegina is closely allied; although M. d’Orbigny, misled by the marked 
want of symmetry and by the alternation in the disposition of the chambers, which axe 
exhibited by certain forms of that type, has placed it in a different order, Pfotomostbgues. 
For I shall have to show that a gradational variety in this respect, ending in complete 
symmetry, may coincide with such a uniformity in general structure, that even a very 
decided departure from symmetry must be regarded as a character of little value in 
classification, compared with agreement in the organization of the shell and in those 
peculiarities in lire conformation of the animal which are indicated by it; and further, 
.that 1 a most marked, difference in degree of organization exists between two species of 
AmpMstegina, which so closely resemble each other externally that the young of one 
may eaaly be mistaken for the adult of the other. 


Genus Pjotropus. 


i ; 421v Mietory.-~-lJke' genus Pm&roplis was first instituted by Mootfort * to distinguish 
- apeeuliar type of minute polythalamous shells, which had been previously described and 
; 'figured by FicffEEL and Moinf, add had been ranged by them with numerous others 
Under the comprehenave designation Nautilus:; and Montfort Correctly indicates its 
.:dfe&^ve thafacter, as w bouche de toute la longueur de la base, et percfeserialement 
: ■, ;pari;UhpS des pores,” though he seems to have very erroneously interpreted the signi- 
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fication of those pores. For he goes on to state, “ Cette coquille est encore pellucide, et 
permet de lire au travers de son tet la serie et la disposition des nombreuses cellules de 
chaque concameration; ces cellules deviennent plus grandes k mesure que la coquille prend 
plus d’accroissement. II est probable que leur nombre repond & celui des animaux qui les 
habitent, et qui les constituent simultanement pour former un nouveau rang.” This sub¬ 
division of the principal chambers into cells, each occupied by a separate animal, exists 
only in the imagination of Montfort, who seems to have been misled by the peculiar 
markings of the surface of the shell, which, as will be presently seen, are merely superficial. 
T.amabytk-j not adopting Montfort’s genus, referred th e Nautilus planatus of Fichtel and 
Moll to the genus Gristellaria , with which it has no relationship whatever; and having 
copied their figures into the * Encyclopedic Methodique he designated one set of forms 
as C. planata, and another as G. dilatata , subsequently reuniting them, however, under 
a new specific name, G. squammula f. The genus Peneroplis has been recognized by 
BlainvilleJ and by Ehrehberg§ ; and D’Orbichtt has applied this name, in his various 
writings on Foraminifera, to the form described by Fichtel and Moll, whilst he has 
created a new generic term, Dmdritvna, for a series of closely allied forms, in which 
there is,a s ing le large dendritic aperture instead of a linear series of separate apertures. 
The distin ctive characters of these two genera, as last given by him||, are as follows: 

« Peneroplis ; coquille nautiloide comprimee, pourvue de nombreuses ouvertures sur 
une seule ligne a la demiere loge seulement. Cavite simple:— Dmdritina; ce sont des 
Peneroplis dont les ouvertures anastomosees forment une dendrite.” In addition to 
these, I shall cite his definition of another genus, established by Lamarck in 1801, 
which, as I shall presently show, consists, like Dmdritina, of mere varieties of Pene- 
roplis:—“ Spirolina ; coquille nautiloide dans le jeune fige, projetee en crosse dans l’age 
adulte.” 

122. The genus Peneroplis is very widely diffused through warmer latitudes; indeed 
few collections of Foraminifera from sands or dredgings taken from the Mediterranean, 
the iEgean Archipelago, the Red Sea, the East or West Indies, the Philippine seas, or 
the shores of Australia or the Polynesian Islands, will fail to present numerous examples 
of it. A few specimens have been found on British coasts; -but it is surmised by Pro¬ 
fessor Williamson that these have been brought by thd' Gulf-stream from the West 
Indian Seas. “ Amongst the multitude of West Indian seeds and other light objects 
thus thrown upon our north-western shores, it was to be expected that some of the 
tropical Foraminifera would be entangled; and such may have been the case with the 
. species under consideration^.” The finest examples I have met with were contained in 


. 467, ffga.l, a, % e, 2 i a, b, • t Ammanx sans Yerfgbn* tom. ,m p. 607. 

J -Malacologie, p. S72. / , . , .t , . x _ * * 

§« Taieflaa^diie Oi^atterifffcik der Bryozoen-CIaBee tmd sammtl^ber : rki Gattuugea der 

B ik ^erliriQiS'aaBactioiiB, 188S. \ ; X/, - 1 • 

| tom.ii.p, IQS.". J 
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Mr. Cuming’s Philippine Collection; whilst the most numerous were kindly furnished 
me by Mr. J. Gwyn Jefferys from his dredgings in the Gulf of Genoa. We shall 
hereafter find that, as in the case of Orbitolites, particular varieties of conformation 
prevail, though by no means exclusively, in particular localities. 

123. External Characters. —The ordinary form of the shell of Peneroplis (of which an 
ideal representation is given in Plate I. fig. 2) is an extremely flat spire of about two 
turns and a half, opening out rapidly in its last half turn (Plate II. fig. 1). Iu the 
young shell, each whorl is merely adherent to the preceding, so that the first-formed 
portion is not concealed by the subsequent growth; but it very commonly happens that 
the last whorl spreads itself out to such a degree as partially to invest the preceding 
(Plate II. figs. 1, B), the extension towards the centre, however, seldom reaching so far 
as to conceal the original umbilicus. Although this lateral extension is sometimes con¬ 
fined to the inner margin of the spire, as is seen in fig. 1, yet it often occurs along the 
outer margin also, as is seen in fig. 3; being usually limited, however, to the last four 
or five chambers. But sometimes, instead of opening out and partially investing the 
previous whorls, the spire is prolonged in a straight line, and several of its successive 
chambers present little or no progressive increase in size (Plate II. fig. 5); though evein 
in this variety the last four or five chambers are often seen to spread themselves out 
rather suddenly, so as to extend along the inner margin of the straight portion. Between 
these different extremes of conformation, every intermediate gradation presents itself 

124. The surface of the shell is very strongly marked by depressed bands, which 
indicate the place of the septa between the chambers; and between these septal bands 
the walls of the chambers rise in flattened arches. In a direction transverse to the 
septal bands, we almost uniformly observe a strongly-marked striation; the striae running 
parallel at tolerably regular intervals, which average about xtVoth of an inch, from one 
septal band to another. This striation, which imparts a very characteristic physiognomy 
to these minute shells, seems due. to a sort of plication or ridge-and-furrow arrangement 
of the shelly wall (Plate, II. fig. 20), which may not improbably have the effect of 
imparting to it increased strength. The plication generally disappears at the junction 
of the walls of the chambers with the septa; and consequently we do not usually see it 
atthemouth whenthe shelPis viewed endways. Sometimes, however, it is continued 
on tp the septum itself ; and its character is then extremely well displayed, as in Plate II. 
fig. Ifi,; which; however, represents not; the typical form, but one of the varieties to be 
hereafter notabed. On the prominences of the'plicae, there are frequently to be seen 
roiws of extremely minute puacta (fig. 20); these, however, are not the apertures of pas- 
; sages through tlreshell, as might hot unnaturally be supposed; butare, like the punc- 

tattons of (Tf 88), mere depressions of its surface,—as I have ascertained by 

the icarefol examination of yery thin sections. It is remarkable that the plication of 
: the dbeU is sorhetimes wanting; though the punctations may still present themselves in 
\ fows,as ahcwhin fig. 23 ; whilst in other cases, not only are. the plicse deficient, but the 

over the entire surface, as shown in 
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these variations axe not indicative of any specific difference, is at once proved by the 
fact that the shells which exhibit them in one part, present the ordinary character of 
surface in another. In Plate II. fig. 22 is shown a case in which similar punctations 
present themselves on the septum closing the mouth of the shell of a Pmdritvm, which, 
as will presently appear, is only a modified Penerqplis. 

125. The septum which closes the mouth of the shell is perforated by numerous 
isolated pores, arranged in a single linear series (Plate I. fig. 2, Plate II. fig. 1); the 
number of these pores depends upon the length of the septal plane (a very convenient 
term which I adopt from Professor Williamson), and thus it usually increases with 
the age of the individual, each chamber opening externally by a larger number of pores 
than did that which preceded it. The typical form of these pores seems to be circular, 
though they are apt to present various departures from that shape; they usually lie in 
a sort of furrow, formed by the projection of the lateral borders of the mouth somewhat 
beyond the septum; and, as in Orbitolites and Orbiculina, each one is surrounded by a 
prominent annulus of shell. 

126. The texture of the shell very closely resembles that of Orbitolites and Orbiculina,, 
but is somewhat more porcellanous. As in those genera, the shell presents an opaque 
white hue, when it is viewed by light reflected from its surface; whilst thin sections 
examined by transmitted light are of a brownish yellow or dark amber colour. Its sub¬ 
stance is apparently quite homogeneous, no other trace of structure presenting itself 
than the plications and punctations already referred to; and its texture is not nearly so 
firm as that of those Foraminiferous shells which possess a minutely-tubular organi¬ 
zation. 

127. On examining a thin section of a typical Penerqplis, taken through the median 
plane between the lateral surfaces (Pig. I.), the central chamber is seen to have the 


Kg. I. 



globose form which 
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Section ofJ?eneropU*, parallel toits. surface. 

l to characterize theprimordial segment of the Pora- 
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which coinmunicates in like manner by a single passage with the third, as does the third 
with the fourth; the fourth chamber, however, communicates by two passages with the 
fifth, as does the fifth with the sixth, and the sixth with the seventh. In the septum 
between the seventh and eighth, with which the second whorl may be considered as 
co mmencing , there are three apertures; and this number continues for the four consecu¬ 
tive partitions which divide the chambers forming the next, half-convolution. Then, 
however, commences a very remarkable increase; for whilst in each of the next two 
partitions there ar e four passages, the numbers in the four succeeding partitions which 
divide the ch amb ers completing the second turn are respectively 6, 9, 11, and 14; 
whilst in the last eight partitions which divide the chambers of the outer half-whorl; 
the n umb ers of the apertures are respectively 14, 20, 26, 28, 80, 85, 44, and 48. The 
average distance of the apertures from each other remains nearly the same throughout; 
so that their n umb er pretty closely corresponds with, and may be taken to represent, 
the length of the septal plane which they traverse in each case; and it is not a little 
remarkable, that whilst this number should only increase from 1 to 4 in the first con¬ 
volution and a half, it should so rapidly augment from 4 to 48 in the last half-con¬ 


volution. 

128. As I have not been fortunate enough to obtain any other than dried specimens 
of this organism, I have not had the opportunity of ex amin i ng the structure and arrange¬ 
ment of its. soft parts. Such an opportunity, however, has presented itself to Professor 
Ehreubers, who collected living specimens in his expedition to the Bed Sea; and by 
treating these with dilute acid, he has freed the animal body from its enclosing shell, 
precisely asT was able to do in the case of Orhitolites. The figure* which he has given 
of the corresponds in every important particular with what an examination of 

the shell would lead me to expect; for it represents a series of segments of a generally- 
homogeneous substance, corresponding in form, dimensions, and connexions with the 
successive chambers of Fig. I. The only departure that I can discover from what I 
s hould myself have anticipated, lies in this—that the successive segments are connected 
along the inner margin of the convolutions by a band much broader and thicker than the 
threads which pass between other parts of the segments; so that this band would seem 
to establish a princip al connexion, to which the other threads might be considered as 
secondary, Ifow after a very careful examination both of the septal planes of numerous 
' specimens, and of sectibns taken in the ; direction of Fig. I, I feel myself justified in the 
positive assertion that no such principal aperture exists at the inner margin of each 
. septum, as would be required to give passagetosucha band as is figured by Professor 
Ehbehbibg. Consequently I can only account for tMs feature in his delineation of the 
• anfiqal (the idea of a difference in the conformation of the shell being negatived by the 
pretise correspondence hetween his figures of. it and my own, as well as by my femiliarity 
with ti^e Sea type of PeneropUs), hy supposing that, like some of his other figures; 
it his idtea of the structure of the animal, than what he actually saw hi 
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its body, this principal band being apparently regarded by him as an intestinal canal, by 
which he supposed all the segments to be connected together.—Professor Ehbenbbeg’s 
figure represents a marking-out of spherules in the midst of the otherwise homogeneous 
substance of the body, closely corresponding to those which I have described in the 
animal 0 f OrUtolites (U 43); and it also shows the skeletons of various Diatomaceee 
imbedded in the substance of the four outer segments, as I have myself found them in 
OrUtolites (•[[ 34). Consequently I can have no hesitation in the belief that the general 
structure and mode of life of these two forms are analogous; and that there does not 
exist in Peneroplis , any more than in OrUtolites, that hypothetical organization which 
Professor Eheenberg has attributed to both. 

129. Monstrosity. —The only example of monstrosity which I have met with in this 
type, is obviously analogous to the “ monstrosities by excess ” which I have described as 
not unfr equent in OrUtolites ; consisting (at least apparently) in the formation of a 
secondary body by outgrowth or gemmation from the first. This secondary body does 
not seem, however, to have its origin in the primordial segment, to which similar out¬ 
growths may always be traced in OrUtolites (^[ 62). 

130. Affinities.-—As regards its general organization and plan of growth, it seems 
clea r that Peneroplis bears a very near approximation to that form of OrUculina in 
which the later increase takes place like the earlier upon the spiral type (*|f 87), and in 
which there is but a single plane of chambers with a single row of marginal pores (If 90): 
the only essential difference, in fact, consisting in this, that each successive increment is 
formed in the case of Peneroplis by a continuous segment of sarcode, occupying an undi¬ 
vided chamber of the shell; whilst in the case of OrUculina each segment is subdivided 


into sub-segments strung like the beads of a necklace on a continuous stolon of sarcode, 
the chamber being correspondingly subdivided by transverse partitions having a con¬ 
tinuous passage through all ■ The very close alliance of the two forms is shown by the 
fact, that specimens are occasionally to be met with in collections of OrUculwe, which, 
while presenting the general physiognomy of that genus, exhibit the deficiency of trans¬ 
verse, partitions which is the distinguishing character of PeneropUs; so as to render it 
whether such specimens should be considered as OrUeulmce in which (as 
certainly happens occasionally in OrUtolites, 61) the usual partitions are deficient, or 
whether they truly belong to Pmeroplis, their resemblance to OrUculina being super¬ 
ficial, only, and their presence among specimens of that genus merely accidental. In 
either case it is obvious that the affinity between these two types is very close; and in 


fact young OrHmlinas frequently present such a strong external resemblance to Pene- 
ropIis 7 that their true nature cannot he determined without such an examination of their 
inim^> structure as will serve to disclose the transverse partitioning oftbeir chambers. 
It inay.be fairly inquired whether the peculiar .striation of the surface of Peneroplis, 
which so' strongly suggests the idea of interoal paxtitioning a^yto have led Mohtfort to 
assert itu inWly.^waiiaBnt'^ 1 

131. inaja^ta a.:M^g''hoahe in mind* it will sqaredy 
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excite surprise to find that Pmeroplis, like OrUmUna, presents very considerable diver¬ 
sities of conformation. The first and simplest departure from what has been described as 
its typical character, consists in a duplication of the series of pores m each septum 
(Plate II fig 7 a), the spire being at the same time less compressed, so that the septal 
plane is wider in proportion to its length. Now it is not a little remarkable that this is 
almost uniformly the case with specimens furnished by particular localities, whilst those 
obtained from others not very remote exhibit almost as uniformly the extremest elonga¬ 
tion and narrowing of the septal plane with only a single row of apertures; and hence 
it might not unreasonably be maintained that this difference should be accounted of 
specific value. In reply to this, however, there is not only the analogy of OrMtolites 
and O-rbiculina, in which an indefinite multiplication in the rows of marginal pores may 
take place during the growth of the individual, but also the fact that in Pemroplis the 
two forms cannot be distinguished at an early age, either by the shape of the shell or 
by the disposition of the pores, which are often arranged neither in a angle nor in a 
double row, but on a sort of mixture of both plans, -as shown in Plate II. figs. 9 and 10; 
whilst gm rmg the more advanced examples of each type, it is not at all uncommon to 
meet with individuals which present a combination of the characters of both, the septal 
plane having a single row of pores in one part of its length with a double row in another. 
Sometimes, moreover, in one of the less compressed forms of the shell, although there 
is but a single row of pores, it is obvious from the elongated shape of these that they 
indicate a tendency to duplication (fig. 8). Moreover we find in the variety with a com¬ 
plete double row the same disposition as in the ordinary Peneroplis to the substitution 
of the rectilineal for the spiral mode of growth, as we see in fig. 7, Hence I consider 
that it may be unhesitatingly asserted that the duplication of the row of pores, and the 
increased turgidity of the spire which it accompanies, are but features of individual 
variation, and cannot be admitted to rank as specific differences. And in this view I am 
glad to find myself borne out by Professor Williamson, who defines Pmeroplis*, not 
(like M. d’Obbigmy) as having only a single row of apertures, but as having u septal 
orifices- scattered over the long narrow septal plane;” whilst his figure of Pemroplis 
planatws shows these orifices arranged for the most part in a double row, one portion 
haring^th^e^^niore multiplied. 

' . > j to fee typical Pmeroplis , however, of that group of 

: [ • generic. designation Dmdritma, is a question 

df more difficulty. These are -characterized, as We have seen, by the possession of a 
angle large aperture sending out dendritic ramifications in each septum (Plate!, fig., 1, 
Plate IL figSv 12, IS); but this is by,no.means fed whole of feeir differentiation. For 
fee.spire, instead ofbeing compressed, is yery turgid; and its successive whorls not 
merely surround but also invest febse which, have preceded .them; so that what may be 
. appropriately germed alar prolongations {at, figs. 12 a, .12 b , Plate II.) of the chambers of 
pven feelast vfeorlbften extend nearly to fee umbilicus. The geographical distribution 
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of Dmdritina, moreover, is peculiar ; for, so far as I am aware, this type is restricted to 
the tropical ocean. I have not met with it in dredgings from any part of the Mediter¬ 
ranean or the Bed Sea, where Pmeroplis abounds; while the largest specimens I have 
seen are those contained in Mr. Cuming’s Philippine explorations, some of these measuring 
•078 inch in diameter, and -030 in thickness or breadth. To such as content themselves 
with glancing at strongly-marked examples of this type, the propriety of its generic, or 
at any rate of its specific separation from Pmeroplis , would seem indubitable. Never¬ 
theless I think that I shall be able to show adequate grounds for the belief, that the two 
forms cannot be separated by any definite line of demarcation; and that they must there¬ 
fore be ranked as belonging not merely to the same genus, but even to the same species. 

133. In the first place I would refer to the fact that the peculiar plication and puncta- 
tion of the surface of the shell, which are such marked features in the physiognomy 
of Peneroplis, are repeated in Dendritina (Plate II. figs. 21,22) in a manner so precisely 
similar, as strongly to impress every one who has his attention directed to the aspects of 
these two forms respectively, with the idea of their very close relationship. 

134. Secondly, the differences of general configuration between Peneroplis and Ben- 
dritina are differences of degree , and present themselves in very variable amount in 
different individuals. For, starting from those forms of Pemroplis in which the spire 
is least compressed, the transition is easy to those Bendritince whose spire is least turgid, 
and whose septal plane is not broader in proportion to its length than it often is in 
Pmeroplis. From the most compressed forms of Bmdritina to those which have the 
most turgid spires and the widest septal planes, the gradation is insensible, scarcely any 
two individ uals according in their proportions; thus we find that whilst the septal plane 
is sagittate in some (Fig. II. a, c), it tends to become reniform in others (b, d), the 
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by the later, varies as much as the degree of turgidity; for whilst m some of the most 
compressed forms, as in Peneroplis , each whorl does little more than apply itself to the 
margin of the preceding (Fig. III. a, c), the more turgid the spire -becomes, the more 
completely (generally speaking) does it embrace the preceding, the alar prolongations 
of the chambers thus coming to bear a large proportion to their principal cavity 
(Fig. III. b, d). 

135. Thirdly, we observe in Dendritim precisely the same tendency to rectilineal 
extension in the later period of growth, as in Peneroplis; for although a distinct generic 
term Spirolina has been given to the form presenting this modification, I think it must 
be apparent to every one that the example delineated in Plate II. fig. 11, bears just the 
same relation to the typical Pendritina, that those shown in figs. 5,7 bear to the typical 
Peneroplis. The transition from Pendritina to Spirolina is well seen in figs. 12,13; 
in the first of which we see the last whorl apparently about to disengage itself from the 
earlier ones, whilst in the second that disengagement has been completed. I cannot 
conceive that any one could refuse to regard either of these specimens as a D&ndriti/na; 
and yet it is obvious that their continued increase upon the plan which has already 
manifested itself in the formation of the later chambers, would convert them into Spiro- 
lince. Such continued increase has obviously taken place in the specimen represented in 
fig. 11, which, up to the time of the substitution of the rectilineal for the spiral mode 
of growth, has all the appearance of an ordinary Pendritina. 

136. Still it may be said that, notwithstanding all these points of resemblance, the 

difference between Pmercplis and Pendritina is clearly marked out by the difference in 
the modes of communication between the chambers of the two types; and that such a 
difference is sufficiently important to constitute a valid generic character. I freely admit 
that this would be the case, if the difference were constantly to present itself between 
all the individuals of the same type, as it does between their characteristic examples 
(Plate I. figs. 1, 2) ; but the fact, is far otherwise. We have seen that among those 
which would be unhesitatingly ranked under the designation Peneroplis , there is not 
only a tendency to multiplication of the rows of separate pores, but also an occasional 
fusion of two or mpie'^brbs, sojts to form a single large pore of irregular shape. On 
the other hah^iilmipn^ 'the -unphestioned Pendritinoe, we observe not merely that the 
formof is extremely variable, but that it is frequently 

so*simple*^^|u^st' the;Idea’of having been formed by the coalescence of a linear 

characteristic forms of the,dendritic aperture that I have met 
with,are shottf^’in Plate II. figs. 1213«; two ekamples of a remarkable departure 
'hjeea in Fig. II. b, d, where the proportions of the aperture 
a^e sdtpgb&o^ reversed, its breadth being much greater than its length, and its central 
part enlarged at the expense of its ramifications ; while through such an aperture 
inare cohdubted back to the ordinary type,, 
'j i hfyd gh -its formkiaiadfi- simplified.. Oa the other hand, fo Kg. II. A, p, we hfte 
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of its dendrifoV- ramifications, that it comes to present little more than a linear fissure. 
From a comparison of these cases, it 'will be seen that the form of the aperture bears 
a pretty constant relation to that of the septal plane; the broadest apertures presenting 
themselves in the individuals which have the most turgid spire, and the narrowest in 
those whose spire is most compressed; whilst the proportionate development of the two 
principal alar prolongations seems related to the degree of that alar extension of the 
chambers over the whorl they enclose, of which I have already spoken. But the most 
satisfactory proof of the wide extent of range of variation in the form of the aperture 
in Dendritina, is afforded by a comparative examination of the apertures connecting 
different chamb ers of the same individual. Thus in the interior of the very shell that 
presented the peculiarly characteristic example, Plate II. fig. 12 a, we find a form, b, 
closely corresponding to that shown in Fig. II. c; and in four septa of the inner part of 
another shell, we have the simple forms of aperture represented in Fig. III. a, b, c, d. 


Fig. III. 



Septal planes and apertures from different parts of the same specimen of Dendritina. 

137. But further, not only d.o we thus meet with examples of each type which pre¬ 
sent more or less of approximation towards the other, but we also not unfrequently 
encounter individuals in which the characters of the two types are so blended that it is 
difficult, if not impossible, to say to which they should be referred. Thus in Plate II. 
fig. 8, we have a young specimen with a linear series of apertures, the marked elongation 
of which shows each to be formed by the fusion of two, whilst there is an additional pair 
precisely in the situation of the alar prolongations in fig. 12 b; and it is obvious that a 
longitudinal coalescence of these pores would produce an aperture exactly resembling 
that of fig. 12 b. Again, in another young specimen shown in Plate II. fig. 16, a partial 
fusion of the separate pores into a single dendritic aperture has actually taken place 
(fig. 16 a), whilst another broad aperture is seen just below this. In fig. Iflj we see 
numeruus pores, some small and rounded, others large and irregular, each of' the latter 
being obviously formed by the coalescence of two or three of tire separate pores; and it 
is evident that a closer approximation of the whole would produce a tingle large den¬ 
dritic aperture- :, ; 0th«jr yarietiesrol1%,,^ja|^ont^;in figs. 9,and44. ;:Bnt 
a yet 
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ceeded so far as to produce a number of separate branching apertures, and nothing 
is wanting but the removal of the line of shell which passes down the middle of the 
septum, to unite these into the most characteristic form of the single ramifying orifice. 
This individual, like the one represented in fig. 6, was already begi n n i n g to assume the 
Spirolina, form, the rounded shape of the mouth showing that the spire has detached 
itself completely from the previously-formed convolutions: in figs. 4 and 11 a are shown 
the mouths of more advanced examples of the same type, which present such a com¬ 
bination of the large dendritic aperture of Dmdritim with the isolated pores of Pene- 
roplis , as to complete (in my opinion) the proof that no valid distinction can be drawn 
between these two types, either from the number, the isolation, the position, or the 
shape of the apertures in the septa. This conclusion will probably become less sur¬ 
prising than it may at first sight appear to such as are accustomed to the study of the 
more cons tant characters presented by the shells of Mollusca, when it is borne in mind 
that the apertures seem to have no other function than to give passage to threads of 
sarcode; and that it is the general character of the Rhizopod type, for such extensions 
of the substance of the body to be entirely destitute of constancy either as to position 
or number. 

1B8. If the foregoing conclusion be admitted, it follows that not merely must the 
genera D&ndritina and S^piTolincc be relinquished, but that both these forms must be 
regarded as mere varieties of P&nBVoplis glccncitus. From the circumstance that the I)an- 
dritina-ty^e is found only in tropical seas, and that it attains a far larger size than the 
ordinary P&fi&T(yp Zi's-type, whilst the latter seems to be almost starved out (as it were) 
in the Mediterranean,—presenting itself there under its humblest form, and scarcely 
extending itself at all into northern seas,-:—I am disposed to think that temperature has 
a considerable influence in producing these varieties. I should be far, however, from 
attributing the entire result to this agency alone, since we find Penevoplis presenting 
itself abundantly in tropical seas, along with Pcndritina. But as it is in the Mediter¬ 
ranean forma that we meet with-the extreme of flattening and with the most uniform 


singlefiess of the row of pores, whilst it is among the tropical forms that we find Pem- 
toplis not merely attaining its greatest dimensions, but also presenting the closest 
a^roxinl^o'n Pmdntim in the turgidity of its spire and in the arrangement of its 
sept& apeitaiesi it seems obvious that the development of this type of structure is 
faybi^d by. "a constantly, high temperature; .and further, that Dendritina, may be 
regained ds 1 ; the highest form,, towards which Pener^Us tends in proportion as it is 
subjected: to ‘that influence.—-As I have hot; had, the opportunity of examining the 
’■ fossil^fothmi of thisL type^/I tun as yet;unable to say:how &r the foregoing conclusions 
/ borne but by the phenomena which they present. 
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in general aspect and particular features, yet having so many structural characters in 
common as to be obviously referrible to the same generic type. This type I shall 
designate, provisionally at least, as Operculina ; since, although it does not correspond 
with the definition of this genus as given by its founder M. d’Orbigfv, it is obviously 
related most closely to the fossil forms which have been described under that designa¬ 
tion by M. d’Orbigny himself, as well as by MM. d’Archiac and Haime, and to the 
recent type described as Operculina by Mr. Carter. 

140. History. —The genus Operculina was created by M. d’Orbigny in 1825, for the 
reception of a group of Foraminifera bearing a strong general resemblance to Nummulites, 
but considered by him as differing from it in the extreme compression of its discoidal 
sb ftTlj in the small er number of its whorls, in the non-investment of the earlier whorls 
by the later, so that the former remain apparent on both sides through the whole of 
life, and also in the form of the aperture, which is a transverse slit in Nummulites, but 
triangular in Operculina. The following is the definition of this genus given by him in 
his ‘ Foraminiferes Fossiles de Vienne ’ (p. 117):—“ Coquille libre, equilaterale, ovale ou 
discoidale, tres comprimee, formee d’une spire non embrassante, reguliere, egalement 
apparent de chaque cotS, k tours contigus, et croisant tres rapidement. Loges nombreuses, 
etroites, la demiere formant saillie de toute la largeur de la spire, k tous les ages percee 
d’une ouverture visible triangulaire, contre le retour de la spire.” In his ‘ Cours Fle- 
mentaire de Paleontologie’ (tom. ii. p. 197), he defines the genus by the following 
characters alone“ Coquille comprimee k tours apparents, pourvue d’une ouverture 
triangulaire contre le retour de la spire.” I think it necessary also to quote from the 
same work M. d’Orbigny’s definitions of three other genera nearly allied to Operculina \ 


since, as will presently ap’pear, the characters which he assigns to them are based on an 
entirely wrong idea of the distinctive features presented by their respective types.— 
Nonionina. “ Coquille nautiloide, pourvue d’une seule ouverture en fente transversale, 
non masquee, placee contre le retour de la spire.”— Nummulites. “ Coquille lenticulaire 
k tours embrassants, pourvue d’une ouverture en fente transversale* souvent. masquee, 
contre le retour de la spire.”— Assilina. “ Ce sont des Nummulites dont les tours de la 
spire, ne rejoignant pas le centre, sont tous plus ou moins apparents.” In the admi¬ 
rable Monograph of MM. d’Archlac and Haime* the genus Nummulites is defined as 
follows“Coquille libre, symmetrique, oibieulaire, plane, disco'ide, lenticulaire ou' 
. subglobuleuse, composde d’une lame calcaire pliee et enroulee suivant un meme plan, 
criblee de pores ou canaux de trois grandeurs differentes, k tours plus ou moins S^res, 
plus ou mm ns embrassants, quelquefois simplement juxtaposes. Dans le jeune age, le 
dernier estsaillaht; plus tard, les tours se rapprochent de telle sorte qu’h rdtat adulte 
le demier.parait se souder tout, k fait l’avant dernier. Canal spiral diyisd par des 
cloisons transverses, plus ou moins nombreuses, perches k leur base,;centre le retour de 
la spire, d’juae ouverture lineaire transverse. Ces demiers caract^res semblent s’etre 

said:,by ; these: 

-tte rLid©. Paris, 



14 DR. CARP ENTER’S RESEARCHES ON THE EORAMINIEERA. 

authors to differ fiom Numrmlites in respect of its flatter form, the comparative short¬ 
ness of its spire, the smaller number of chambers, and the non-embrace of its convolu¬ 
tions; as also in absence of that narrowing of the later convolutions which leads to the 
entire closure of the spire in Numrmlites. The genus Operculina is said {loc. cit.) to 
be distinguished, from Nu/mmulites only by the depression of its form, the small number 
of its convolutions, and the rapid increase in breadth of the last whorl, which seems 
constantly to remain open. The genus Assilina, having no sufficiently distinctive 
characters, must (according to these able investigators) be merged in Nwrwvulites. It 
is obvious, from these remarks, that MM. d’Archiac and Haime had fully recognized 
the two fundament al errors of M. d’Orbigny’s definition of Operculina ; viz. his state¬ 
ment that the convolutions are non-embracing, and his description of the form of the 
aperture as triang ular . And although Mr. Carter* does not allude to the discrepancy 
between the structure of the recent type described by him and the generic definition of 
M. d’Obbighst, yet it is evident that in assigning to it the designation Operculina he was 
guided rather by its general resemblance to the fossils on which that generic name had 
been conferred, than by the conformity of its structure to M. d Okbiomt s definition. 
The errors of that definition are easily accounted for; since it is only by such an exami¬ 
nation of thin transverse sections as M. d’Obbignt (I have reason to believe) never made, 
that the feet of the earlier whorls being really embraced by the later, notwithstanding 
the apparent freedom of the latter, can be substantiated; and the determination of the 
form of the aperture is very likely to be erroneously made, when the examination is 
limited to fossil specimens, in which it is frequently but very indistinctly traceable. 

141. The minute structure of this type has been already investigated by two excellent 
observers. Under the designation of “ an undescribed species of Nonionim ,” Professor 
* Williamson f has given an account of the structure of a shell aboundi n g in the Manilla 
sani^ which, not merely from his figures and descriptions, but from a comparison of the 
specimens which he has kindly enabled me to make, I know to be one of the smaller 
forms of the Philippine Operculina. Mr. H. J. Carter^ has still more minutely described 
the organization of an Operculina which he obtained in great abundance on the south¬ 
east coast of Arabia, the shells coming up attached to the grease of tike sounding, lead 
from sandy bottoms of between ten and twenty fathoms depth; and of the identity of 
this with a larger form; ofPhilippine Qperculina I am enabled to speak, from comparison 
of' ^pedmmm wM(hldf. fkasm has obl%ingly transmitted to me., ,1 find the descrip¬ 
tion of each to be in the main correct so far as it goes, hut to be , defective in some 
. V ; : ick^; 'acfc notice the, canal-system 

.exeepfe jMnprd ,* sand,Mr, GAptlBB; though he has more frilly described the 
ouly miaaed, one important part of. it j hut has misapprehended the 
; straddle (ff the maigima corcL :: The investigations of eaeh, moreover, have been limited 
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to one particular form of this protean type; and neither seems in the least degree aware 
of its extraordinary tendency to variation. The rich store of material placed at my 
disposal by Mr. Cuming has not only enabled me to prosecute my inquiries into the 
minute structure of this organism upon specimens of unparalleled size and degree of deve¬ 
lopment, but has also enabled me to bring together a great body of data for comparison 
as to the extent of variation which it may undergo, alike in external conformation and 
in internal organization. And as the information hence obtained has a most important 
beari ng upon the study of the closely-allied genus Nwmmulites, I venture to think that, 
notwithstanding all which has been done by Professor Williamson and Mr. Cabteb, it is 
desirable that I should give a detailed account of my own investigations into the 
structure of Operculina, as well as a summary of the results of my comparison of its 
multiform varieties. It will be advantageous in the first place to examine into what 
appears to be the characteristic structure of the type, and then to inquire into the 
degree of modification to which this may be subject on each point 

142. External characters .—A large proportion of Mr. Cuming’s specimens accord in 
their general aspect with the one represented in Plate III. fig. 7, which is closely con¬ 
formable to Mr. Cakteb’s type of Operculina Arabica, except in its somewhat larger 
dimensions. It is a compressed spiral of about -25 inch in diameter, and about -015 inch 
in thickness, consisting of between three and four, convolutions gradually increasing in 
breadth; these are in general nearly fiat, but are sometimes a little arched between their 
inner and outer margins, sometimes depressed so as to present a slight concavity, espe¬ 
cially near the outer margin of the last whorl. The chambers are about seventy-five in 
number, commencing from a primordial spheroidal cell and progressively increasing in 
dimensions with the widening of the spire; their septa have for the most part a radial 
direction,- but they bend backwards near the outer margin of each whorl; and they are 
marked ex ternally by hands which are distinguished by their semitransparent aspect 
from the dull brownish hue of the general surface. These septal bands are commonly 
on the same plane with the intervening portions of the shell; but sometimes : the walls 
of the chamb ers are a little arched between the septa that bound them, so that the 


septal bands are slightly furrowed; whilst the walls of the chambers are sometimes a 
little depressed, so that the septal bands are prominent; and such varieties may present 
themselves in differ ent parts of one and the same shell. Not unfrequently the whole 
surface is seen to be marked by very minute punetations; but more commonly they are 
larger and fewer in number, and are often arranged in pretty regular lines parallel 
to the septal bands,—one, two, or three rows of such punetations being seepon the wall 
of, each chamber (Plate V. -fig. 7); these punetations, when sufficiently ; magnified,, are 
fbundr to be spots of semitransparent shell-substance resembling that of the septal 
bands; as in. the case of these,, their surface is sometimes on the same plane with 
that of the general surface of the shell, sometimes a little, elevated so, as to form pa^ulhe, 
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regularly arranged punctations, we findn, vast number of very minute papilla;, scattered 
without order over the entire surface of the chambers (fig. 6); these, again, may be 
absent from some parts of a shell, over other portions of which they are abundantly 
distributed. There is commonly a large semitransparent tubercle at the umbilicus, and 
smaller tubercles are often seen along the septal bands, especially of the earlier whorls. 
the umbilical and the septal tubercles are well seen in Plate III. fig. 6, and (less charac¬ 
teristically) "in several other figures of the same Plate; and the septal tubercles are 
shown on a much larger scale in Plate V. fig. 11* Not unfrequently, however, the 
umbilicus is depressed, instead of being elevated into a tubercle; and the moniliform 
tubercles along the septal bands are wanting. 

143. The departures from this typical form, however, are very wide. A glance at 
any considerable aggregation of specimens reveals to us an extraordinary variety of size 
and shape; and our attention is specially attracted by a series of which an example is 
represented in Plate III. fig. 9, which are not merely distinguished by a size greatly 
above the average—their long diameter reaching nearly *4 inch,—but also by the 
extraordinary flatte ning of'the later convolutions, and the rapidity with which the 
spire opens out. The approximation between the two lateral walls of the chambers is 
here so close, that not only are the septal bands rendered very prominent by the 
depression of the outer surface between them, but even the outer marginal band stands 
up as a ridge, from which the walls of the chambers slope down. In fact, an exami¬ 
nation of this form leaves the observer impressed with surprise that any room can 


be left for the animal, the segments of which must be extraordinarily attenuated, losing 
in thi ckness what they gain in area. Now a careful comparison of this form with the 
ordinary type, not only makes it obvious that the former differs from the latter in no 
other particular than this attenuation, which (as already pointed out in the cases of 
Eeterostegina and Peneroplis ) is a common feature of the later growths in Foraminifera, 
but also that the attenuation takes place in such different degrees in different individuals, 
that any attempt to use it as a differential character is completely baffled by the. con¬ 
tinuous gradation of forms that is presented, between the one which has been assumed 
as the typical, and such as most widely depart from it in this particular. 

biU iTha collection of Mr, Cuming also includes, however, a considerable proportion 
of com^itife1.y»'ranging from ’08 to ’20 inch in diameter, which pxe- 

.. ..In the smallest of these, represented in Plate III. 
fig. 1, the spire, instead of being flat or even somewhat hollowed,,is arched from its 
inner,toitsnfiter, margin, so : 'that the breadth of the septal plane, is equal to its length, 
, dr nearly so; And the like is seen jh the somewhat larger specimens of which fig. 2 is an 


example. This variety of conformation, however, being limited to shells whose earlier 
perfod of growth is evinced by their smaller number of; convolutions and of chambers, 
and bdutg seen, moreover, in the earlier whorls of those which afterwards present the 
, safely* I think, be: regarded: as a character of age. It^vsitt be 

flattened Pm&r&ptis more resembles in the 

T do not find that OpemtUm everfi$Qj^pe^,'lqng i 
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to increase upon such a plan; for the compression of the spire always shows itself in the 
third whorl, if it has not previously done so, and is accompanied with a corresponding 
augmentation of its breadth, so that the septal plane becomes narrowed and elongated, 
as is seen in comparing fig. 4 with fig. 3. That no basis for specific distinction is 
afforded by the most marked differences in the form of the spire, as shown in the pro¬ 
portions of the septal plane (a, b, c, d), will be made evident by the examination of such 
a transverse section as is shown in Fig. V. (p. 21); in which it will be observed that 
differences equal to those presented by the most compressed and the most turgid forms 
of the spire, are exhibited by the successive convolutions of one and the same individual. 

145. Another marked feature of difference among the specimens of this collection, is 
the depression or elevation of the central region relatively to the peripheral. In what 
I have assum ed as the typical form, the central region presents the same general level 
with the rest, though the umbilicus itself is often marked by a prominent tubercle. In 
such forms as are represented in Plate III. figs. 1 and 2, the umbilical region is rather 
depressed than elevated; and this depression is often observed in older specimens whose 
early growth has taken place on this type. But there is a group of specimens, of which 
three successive ages are represented in Plate III. figs. 3, 4, 5, 8, that have the whole 
central region so exceedingly prominent as to form a cone, whose apex is marked either 
by one large tubercle, or by a cluster of smaller ones; and this conformation gives so 
peculiar a physiognomy to the shells which present it, that few systematists would hesi¬ 
tate in placing them apart as specifically different from the rest. On a careful compari¬ 
son of a large number of individuals, however, it becomes apparent that this difference, 
like the preceding, is gradational; every degree of prominence being traceable from the 
individuals which have the umbilicus marked only by a tubercle, as in fig. 7, through 
those in which the region generally is slightly elevated, as in fig. 8, to those in which it 
presents the most marked projection, as in figs. 3-5. We shall presently find (^f 153) 
that this difference depends mainly on the degree in which the investing layer, prolonged 
from the later convolutions over the surface of the earlier, is separated from that surface 


by the extension of the alar prolongations of the chambers of the investing whorls; as 
to which point there is a most remarkable diversity, not only among different individuals, 
hut between the several convolutions of the same individual. 

146. A fourth very obvious character of differentiation among the individuals of this 
collection, consists in the presence or absence of tubercles on the septal bands. In what 
I have described as the typical form (Plate III. fig. 7), there are no considerable pro¬ 
minences over the greater part of the surface; the septal bands are generally smooth 
and continuous; and it is only in the central region that we observe any departure from 


this uniformity, the umbilicus being occupied by a small tubercle, and the smooth septal 
bands being replaced in the first whorl by moniliform rows of little tubercles. In other 
instances, however, -we find not only the central tubercle, ■ but .the rows of tubercles 

ttgEfariktag-Kyirt of theseptal 
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very prominent (Plate III. figs. 8, 4, 5), usually show this feature in the most decided 
maimer; but it is occasionally presented also in no less a degree by those whose umbi¬ 
licus is flat or even depressed. The most remarkable departure from the ordinary type 
is seen in a group of specimens in which the tubercles are not only extremely 
large and prominent (Plate IV. fig. 6), but are distinguished by their opaque whiteness 
(Plate V. fig. 12), which contrasts strongly with the semi-transparency ordinarily charac¬ 
terizing these prominences. But even this character has no diagnostic value; for a speci¬ 
men which has the tubercles opaque in one part may have them semi-transparent in 
another; and as to the size of the tubercles, their degree of prominence, and the pro¬ 
portion of the entire spire over the septa of which they occur, there is every degree of 
variety. In one of my largest and flattest specimens, the central region is strongly 
tuberculated, but the tubercles almost suddenly cease when the spire begins to open 
out, and the septal bands are thenceforth as smooth as in the ordinary type. 

147. A less obvious but still very decided feature of individual difference, consists in 
the presence or absence of papillary elevations between the septal bands. I have already 
spoken (<f[ 142) of the frequent existence of symmetrically arranged spots, sometimes 
slightly depressed, but more commonly elevated, that are distinguished from the rest by 
the se mit r ans parency of their shell; these spots are sometimes considerably enlarged, 
and their elevation increased, so that they become prominent papillae, closely resembling 
the tubercles upon the septal bands. Their size and disposition vary considerably. 
Sometimes they are small, numerous, and scattered without any definite arrangement 
over the entire surface of the wall of the chamber, whilst in other cases they are con¬ 
siderably larger, and form single, double, or even triple rows between the septal bands 
(Plate Y. fig. 10). Another remarkable variety of external aspect is produced by the 
elevation of the general surface into rounded eminences closely abutting on one another 
(like the pustules of the skin in a case of confluent small-pox), and distinguished from 
the preceding by the absence of any peculiarity in the texture of the shell. That these 
and other analogous variations of surface-marking have no value as differential- characters, 
is at once demonstrated, not merely, by their gradational approximation in different indi¬ 


viduals, but by the fact that they are presented in very different degrees on different 
parts qf the surface of the very same shell; the chambers of one part of the spire being 
certain of these peculiarities, whilst those of another may only 
those pf a third may be perfectly smooth. 

i4S;.CiiMiKq,,htOY€wr, contains a group Of foams which are. at 
.once distinguishedfroin thereat bf their general physiognomy (Plate HI. figs. 11,12), 
and which, when their characters are examined in detail, appear to he separated from 
thefa by well-marked differences.. Their ; aspect, is much .more lustrous, and their hue 
hftK&i-yriiiter, varied, however, by a tinge pf green.diffused in irregular patches; the 

ahpvethr^ turns,-and -it begins to open out 
'^pe, already described; the^septa are: usually considerably more 
: .-alqb rathep more_disfan;t,%fa each other,,so; that the;iai|a^: 
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chambers being thus modified, and the number of chambers in each whorl being dimi¬ 
nished ; the septal bands, not merely of the earlier whorls, but even of the last-formed 
portion of the shell, are raised into prominent tubercles; and multiple rows of large 
tubercles are seen between the septal bands. It is to this multiplication of smooth 
tubercles composed of a variety of shell-substance which reflects light much more 
strongly than the rest, that the more glistening aspect of this type is chiefly due; and I 
have not met in it with any instances of that general brownish coloration of the surface 
which is the ordinary characteristic of the other. The most constant and remarkable 
distinctive feature of this type, however, is the presence of a large hemispherical cluster 
of semitransparent tubercles in the centre of the spire (Plate III. fig. 10). 

149. Having had no difficulty in setting apart a large number of specimens agreeing 
very closely with each other, and differing from the rest, in all the foregoing characters, 
I should have arrived at the unhesitating conclusion that this type deserves to take rank 
as a species of Ope/rculina distinct from the preceding, were it not for the circumstance 
that every here and there I met with an example in which the differential characters 
were less strongly marked than usual. Thus in some individuals which preserve the 
general proportions of the spire, the green coloration is wanting, the large central 
cluster of tubercles is replaced by a single tubercle of extraordinary size, the septal 
bands of the neighbourhood are not more tuberculated than in many examples of the 
ordinary type, and the rows of tubercles over the chambers are either wanting alto¬ 
gether, or are not more prominent than in many individuals of the preceding type. 
This evidence of the negative value to be attached to the number or prominence of the 
tubercles as a specific character, is confirmed by a curious fact of an opposite nature; 
namely , that in certain individuals we find them developed to an extraordinary and 
obviously abnormal degree (Plate V. fig. 9).—Prom the difficulty of deciding to which 
type, particular specimens are to be referred, I had been almost led to adopt the con¬ 
clusion of the specific identity of this with the ordinary form; when Dr. Gould, of 
Boston (N. E.), kindly placed in my hands some Operculinoe, which had been collected 
on the coast of Japan by the recent American expedition to that country. These speci¬ 
mens combined in so remarkable a manner the most distinctive features of the two types, 


_ .namely , the general form and proportions of the one, with the umbilical hemispheric 

cluster of tubercles and the general abundance, of tubercular elevations characteristic of 
the other,—as to remove all doubt from my mind with regard to their specific identity. 

150. Internal Structure.— The study of the internal organization of OpercuMm may 
be prosecuted in two modes;—by the examination, under sufficient magnifying.powers, 
of thin tr ans parent sections taken in different directions;—and by viewing under a 
low power, as opaque objects, fragments obtained by breaking the shell,; especially (as 
Mr fu-wrm*. was the first to suggest) after these have been allowed to absorb carmine or 
indigo by beifig placed upon water in which either , of these colpftb been rubbed 
up. By ^nfinwerjDaethpd alone can certain minutaseof be detected; but the 
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disconnected from one another. In Plate I. fig. 3, an attempt is made to bring together 
in an ideal representation the most important features of the internal structure of Oper- 
culim, as disclosed by these two methods of examination; the warranty for all its details 
being supplied by the delineations of the separate parts that are given in other figures, 
which are all taken from preparations in my possession. 

151. Owing to the circumstance that large specimens of Operculim are rarely if ever 
quite flat, it is next to impossible to make a section through the median plane that shall 
traverse all the whorls to the central cell; a sufliciently near approach to this, however, 
has been made in the section represented in Plate VI. fig. 8, and Plate IV. fig. 10, to 
bring into view the general disposition of the chambers. This is much less regular than 
would be supposed from a superficial examination of the exterior. For while there is a 
^AY+airv general average in the proportion which their long diameter (that is, the breadth 
of the whorl) bears to the short (or distance between the septa), which may be stated as 
about 4-J to 1, this is by no means constantly maintained, the long diameter being some¬ 
times as much as 7 times, and sometimes no more than 2-| times, the short. The ordi¬ 
nary course of the septa, too, is often strangely departed from, as is seen in Plate VI. 
fig. 3. There are few individuals which do not present—besides abnormal sinuosities, 
greater or less in degree—very marked irregularities in the conformation of the cham¬ 
bers, analogous to those which I have described in Nmmiulites*. Frequently a septum, 
instead of passing continuously from the inner to the outer margin of the whorl, stops 
short without reaching the latter, and bends backwards to join the last-formed septum ; 
a pd sometimes a second septum unites itself to the first in the same maimer, as shown 
at a, Plate VI. fig. 3. The abortion is often still more marked; thus at b we see three 
septa thus interrupted, of which two do not traverse half the distance, and the third 
not a quarter, thus dividing the space between two complete septa into four small cham¬ 
bers along the inner margin, and one large irregular chamber extending to the outer. 
Another case of the same kind is seen in an earlier part of the same whorl; and in 
Fig. IV. an additional illustration on a larger scale is given of the like irregularity , for 
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In Plate IV. fig. 5 we have an illustration of what may be considered the normal mode 
of commen cemen t of the spire; &om which it will be seen that it originates, as in Fora- 
minifera generally, in a spheroidal cell, from which others are successively developed 
around it, the earlier chambers having no very definite shape, but those which succeed 
them gradually coming to assume the characteristic form and proportions. The like is 

shown in vertical section in Fig. VII. b. _ 

152. Each chamber communicates with the neighbouring chamber on either side, by 
a long narrow crescentic fissure left by the non-adhesion of the septum to the outer 
margin of the preceding whorl (Plate I. fig. 3). This fissure (Figs. IV., VI. a, a, a) is 
frequently not to be seen in such a section as is represented in Plate VI. fig. 3, owing to 
the circumstance that this does not happen to pass through the plane in which it lies; 
and it is best brought into view either by making thin transverse sections (as Fig. .), or 



by br eaking a specimen transversely and examining its fractured edges, by which such 
views will be obtained as are presented in Fig. VIII. (p. 26) a, b, c, d. Besides this prin¬ 
cipal aperture, we observe in the septa, especially of the larger chambers, a variable 
number of secondary pores (Plate I. fig. Be), generally circular, and of comparatively 
size; these are dispersed without any regularity, as is shown in Figs. V., VI., VIII. 
They may or may not be brought into view in a horizontal section, according as its plane 
does or does not happen to pass through them; but when they are thus traversed (Fig. 
VI 5 8 5) it is seen that these secondary pores, like the principal aperture, establish 
a direct communication between adjacent chambers*. In the irregular formation repre- 
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seated in Pig. IV., these secondary pores (V, b ", V") present a disposition which would 
seem to indicate that they are scarcely less important for the maintenance of the com¬ 
munication between the chambers, than is the principal aperture itself; and it is curious 
to observe how exac tly they repeat at V and b" that mode of communication—between 
two segments on the inner side and one on the outer—which is so characteristic of 
Orbitolites (f 17) and Orbioulina. Each septum, as in Cycloclypm and Nmmulites , is 
composed of two layers (Plate I. fig. 3 d, d), each being the proper wall of one of the 
chambers which it separates; these layers are commonly in close apposition with each 
other; but they separate at certain spots, to give passage to the very curious system of 
interseptal canals to be presently described. 

153. A comparison of numerous vertical sections brings into view a most remarkable 
variety in the form and disposition of the chambers, not merely in different individuals, 
but in different parts of the same individual. Commencing with one of the flattest 
variety, Fig. VII. c, we observe that the breadth of the septal plane is very small in com¬ 
parison with its length; and that although the spiral lamina of each whorl except the 
last obviously extends itself over that of the preceding whorls, the cavity of the cham- 
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bers is not so extended, those of each whorl being bounded internally by the external 
margin of the preceding. Passing from this, however, to forms which are slightly 
elevated in the centre (Fig. VII. e), we find not only that the breadth of the septal plane 
is increased, but that the cavity of each chamber is extended into two ala, which are 
more or less prolonged over the enclosed whorls; so that the spiral lamina of the invest¬ 
ing whorl is kept by their interposition from coalescing with that which it embraces, 
except in the central region. The degree of this extension, however, varies in different 
convolutions; the alee being usually smaller in the chambers of each consecutive whorl, 
and being absent altogether from those of the last,—a transition well shown in Fig. V., 
which also exhibits the marked variation in the general proportions of the chambers 
that may present itself between the inner and the outer whorls. In forms which are 
distinguished by a yet more turgid spire, the proportions of the chambers are very con¬ 
siderably modified ; but among these there is a very considerable difference in the degree 
in which the chambers of the later whorls are prolonged over the earlier; thus in 
Fig. VTI. A, whose centre is on a level with the rest of the spire, we see the ake pro¬ 
longed so as quite to reach that region; whilst in D and E, which have the central region 
depressed, though the general proportions of the chambers correspond with those of 
the preceding, the alas are so little extended that the spiral laminae of the successive 
whorls coalesce not only at the centre, but at some distance around it. After an atten¬ 
tive examina tion and comparison of a great number of vertical sections, I feel justified 
in affirming that no importance can be attached either to the form and proportions of 
the chambers, whether shown in the relative length and breadth of the septal plane, or 
in the degree in which their alse are prolonged over the enclosed whorls, as furnishing 
characters of specific difference; seeing that it is not only found to vary gradationally 
when a sufficiently large series of specimens is compared, but that it is often equally 


inconstant in different parts of the same individual. 

154. The; spiral lamina, in typical specimens, is much thicker in the inner than in 
the outer convolutions, that of the last whorl being always comparatively thin (Fig. V.),; 
and a careful eira.Tninfl. tion of transparent vertical sections makes it apparent, that the 
greater thicknes s of the spiral laguna of the earlier whorls is partly due to the prolonga¬ 
tion of that of the later whorls over them, and to its coalescence with them. I have not 


been able to satisfy myself that the spiral lamina of the last whorl is thus extended over 
the preceding whorls; and it has rather appeared to me to be merely applied to the 
margin of that which it surrounds. The difficulty of certainly determining this point, 
chiefly arises from the circumstance that the spiral lamina of the last whorl, is reduced 
in thickness in proportion to its extension, as if in consequence of a limitation qf the 
amount of calcar eous matter employed in its formation. The spiral lamina is,made up 
of a vanable number of lamellae of. a minutely tubular sub8tance (Plate rF- fig. 9),-so 
OTrg /»fly f>T»rrftspnTtfliiig with that which I have already described (< bc.cit .) 

and in thatany detaifed descri|tion ofit^ X have Jo 
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orifices of the tubuli are separated by a very delicate areolation (fig. 95), as if the whole 
substance were composed of an aggregation of prisms with a tubulus in the centre of 
each. And this circumstance appears to me to afford the explanation of an observation 
which I have elsewhere recorded in regard to certain fossil specimens of Nwmmulites 
(loo. tit.), —namely, that where the characteristic tubular structure is wanting, an appear¬ 
ance of prismatic structure is occasionally presented*; for it is not by any means diffi¬ 
cult to conceive that the same molecular change which obliterates the one feature, 
should bring the other into increased distinctness. The size of the tubuli of Opercu - 
Ivna is much greater at and near the inner surface of the walls of the chambers, than it 
is at a little distance from them, as will be seen by comparing figs. 1 and 3 of Plate IV. 
with figs. 2 and 4; so that when a thin lamina from the innermost part of the wall is 
examined under a high magnifying power, the tubes are seen almost to fill the areolae, 
as is shown in Plate IV. fig. 9 a , which is drawn on the same scale as 5. 

155. As is Nwmmdites and Cycloolypeus, the shell-substance over the septa is not 
penetrated by tubuli, and is consequently far more transparent than the rest; and it is 
in consequence of this difference in texture, that the septal bands are so strongly marked 
on the external surface, as well as in sections parallel to it (Plate IV. figs. 10,11; 
Plate VI. figs. 1, 2). The same is true, also, of the substance of the tubercles, whether 
occurring as elevations of the septal bands, or upon intermediate parts of the spiral 
lamina.- In the latter case, the tubercles are seated upon inverted cones of the like * 
substance, which do not usually reach down to the inner lamina, so that the internal 
surface presents the orifices of the tubuli regularly disposed over the interior of the 
chambers (as seen in Plate IV. figs. 1,3), even where sections passing at a little distance 
from these show rounded or elongated spots of transparent substance (figs. 2, 4), around 
which the tubuli are crowded together, as if they had been displaced by its inter¬ 
position. Such spots occasionally present themselves in the ordinary type of Operculim, 
as seen in Plate IV, fig. 10 ; but it is of course in sections of the strongly-tuberculated 
variety that we find them most marked, and this especially in the investing layersof the 
central region, where, from, the size and approximation of the tubercles, the spaces 
between them are rendered almost opaque by the crowding together of the tubuli 
. (Plate TV. fig. 11). The tubuli are generally seen, moreover, to be Somewhat more 
erqwded .ih 'the neighbourhood of the septal bands.—The greatest local development 
of the imn^bolar srd»tance is seen in those varieties whidh have a large elevated 
, tubercle m &e cOTtie (Plate lll. %s. &+$); a section of such a variety has been shown 

- in VTL. H where it is Seen that this tubercle springs from the spiral lamina, of the 

^ A As Tiftf n’fl HCTTTAO and Hajmh & referring t^my-statement as to the appearance of prismatic strue- 

- torein,N««^^^^ entertain some doubt as to the correctness of my observation (see 

' tibiem 3{6hogra^i)j T.thSnk it right hoimferely to: say that fig. 12, ELIV.- of my Memoir on Num~ 

'/•. xssa^e^ ^ » mptttBentatifm of a section still in my possession, but also bo mention that thever- 

tire shaQ-substance of Fiona when fractured in the same direction (though on a much smaller 
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innermost convolution, but that it increases in diameter as it is built upon (so to speak) 
by each of the whorls by which this is subsequently invested. 

156. The texture of the shell-substance which bounds the chambers at the outer 
margin of each whorl, however, presents a marked departure from that of the spiral 
lamina ; a difference analogous to that which was first indicated by me in Nwmrrmlites 
( loc . cit.), and which has been found by MM. d’Archiac and Haime to present itself so 
constantly in that genus, that they give to this marginal portion the special designation 
“ bourrelet.” Mr. Carter has already recognized in Operculina the speciality in the 
structure of this part of the shell; but he has fallen into what I believe to be an error 
in his interpretation of that structure, describing it as made up of an aggregation of 
fusiform spicules, and hence designating it as “ the spicular cord. Now I am very 
familiar with the appearance which has led him to take this view of its nature, since 
it is one which is commonly presented by thin sections that pass either through the 
median plane or parallel to it, as shown in Plate IV. fig. 13; but this is only one out of 
many aspects which are presented by sections taken in various directions; and a com¬ 
parison of the whole seems to me to lead to quite a different conclusion,—namely, that 
the supposed spicular composition of this “ marginal cord ” (as it may be appropriately 
termed) is'due to the peculiar manner in which the homogeneous substance of which it 
is composed is traversed by the set of canals that are correctly described by Mr. Carter 
as forming the “ marginal plexus.” For if the section should happen to traverse a por¬ 
tion of this plexus in which the canals form a tolerably regular network of elongated 
meshes in one plane, the appearance delineated in fig. 13 is presented; but just as often 
a less complete layer of the network is traversed by the section, and the form of the 
meshes is very inconstant, so that the appearance presented is rather that shown in 
fig. 14. Moreover the appearances exhibited by transverse sections of this marginal 
cord, highly magnified (figs. 15,16), do not at all confirm the idea of a spicular arrange¬ 
ment, but are altogether conformable to the view I have expressed; the most complete 
co nfirma tion to which is afforded by tangential sections, of which a very successful 
example,—giving a beautiful view, not only of the canal-system of the “margined cord, 
but also of its communications with that of the septa, And of its relations with the two 
principal spiral canals to be presently described,—is represented in Plate IV. fig. 12. 
In fthiti it is. clearly seen how irregular is the disposition of the inosculating, passages, 
whilst there is not a trace of the spicular structure, which ought, if it existed, to be as 
well brought into view in a section taken in this direction, as it is in the one shown in 
fig. 13, which is taken in a plane at right angles to it. The “ marginal,cord ’ is, traversed 
on its, external surface by longitudinal farrows, which are sometimes very shallo^v(fig^l6), 
but sometimes dip down deeply like those between the ,convolutions ^f^the: brain, as 
shoWn infig.16. These furrows usually form a kind of network with fusiform interstices 
(Plate V. fig. fi), whilst in other cases they run parallel to, ewfo riflier arid inosculate 
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with the plexus within by inosculating branches, whose apertures may sometimes be 
detected in the bottom of the furrows. This furrowed surface of the marginal band, 
and the existence upon it of apertures communicating with a set of canals in its sub¬ 
stance, were specially pointed out by me in Nummulztes (loc* czt» ), although the changes 
produced by fossilization. prevent the full extent of the “marginal plexus” from being 
traced out in that genus. The general relation of the marginal cord (a a) to the two 
spiral lamina ( b , b) with which it unites itself to form the boundary of the chambers, as 
seen in Plate IV. figs. 15,16, is precisely the same in Operculim as in Nwrmulites. 

157. The “ mar ginal plexus” of canals communicates freely with the system of “ inter- 
septal canals,” which are' disposed between the two layers of the septa, as I have 
described in Nwrmulites and in Cycloclypeus, and the existence of which in Op&rculina 
has been already indicated by Mr. Carter. The distribution of these is well seen, not 
only in vertical sections which have happened to traverse the septa, as in Figs. V., VII., 
and in Plate IV. fig. 8, but also in specimens laid open by fracture in the same direc¬ 
tion, especially after the canals have been more distinctly marked out by the imbibition 
of a colouring liquid (Fig. VIII., and fig. 2, Plate V.). It will be seen from these 
delineations, all of which are faithfully copied from specimens in my possession, that 
the distribution of the interseptal canals, whilst presenting a certain general uniformity 
of plan, is by no means constant in detail. In Figs. VII. a, and VTII. d, we see two 
principal tr unk s pass ing from the two angles of the fissure at the interior edge of each 
septum, towards the marginal band at its exterior (as in fig. 2 d, Plate VI.), and sending 
out branches which ramify over the part of the septum that joins the spiral lamina 
(Fig. VIII. d), leaving the intervening portion untraversed; and this is the only arrange¬ 
ment which has been described by Mr. Carter. But on looking at the other figures, it 
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will be seen that much variety presents itself; thus in Fig. VIII. A (as in fig. 2, Plate V.) 
we observe two or more such trunks proceeding from each angle of the fissure, those 
of the same side frequently inosculating with each other; in Fig. VIII. c (as in fig. 8, 
Plate IV.) the two principal trunks on the opposite sides inosculate as they approach 
one another in their course towards the outer margin of the septum; and in Fig. V. 
(page 21) this inosculation is seen to take place much nearer the inner margin of the 
septum of the last whorl, so that the greater part of the septal plane is occupied by the 
plexus formed by their interlacement. The interseptal canals of one septum are occa¬ 
sionally, if not invariably, connected with those of another by loops formed between 
the ramifications of those canals which extend along the alar prolongations of the septa 
towards the centre of the shell; such inosculating loops are seen at the centre of fig. 6, 
Plate VI. Moreover, branches of the same system are generally found to penetrate the 
non-tubular shell-substance whenever it accumulates in any quantity; these branches 
are at once distinguished from the ordinary tubuli by their much larger size, their dia¬ 
meter being commonly about -nrspth of an inch. 

158. The branches of the interseptal canals which proceed towards the spiral laminae 

are sometimes continued onwards in the non-tubular shell-substance that constitutes the 
septal bands; and they are also frequently seen to diverge from the septa over the walls 
of the chambers,—still, however, being usually invested by a layer of transparent shell- 
substance, as is well shown at <?, fig. 2, Plate VI. This arrangement, again, corresponds 
with what I have described and figured in Nummulites; but I have not been able to 
detect in Operculina the apertures by which in Nvmrmlites these canals communicate 
with the cavity of the chamber, a circumstance which may perhaps be attributed to the 
relatively smaller size of these passages in Operculina, and the consequent facility with 
which their apertures may be confounded with those of the ordinary tubuli. In fig. 2, 
Plate VI. is represented an appearance of areolation I have several times met with in 
the walls of the chambers,-—though usually less conspicuously than in this instance,— 
which has made me suspect that the ramifications of the interseptal canals sometimes (if 
not as a regular rule) form a network in the spiral lamina over the entire surfece of the 
chambers. - 

159. The interseptal system of each whorl is* connected with the marginal plexus of 

the prece ding by a very remarkable; arrangement, which seems to have altogether 
escaped Mr. Carter's notice. At each junction of the marginal cord with the tubtilar 
substance of the spiral lamina, the orifice of a .large canal (Plate IV. fig. 15 c, c) may be 
seen in a vertical section which divides this canal transversely; and; either of these 
canals may be clearly traced, in sections parallel to the surface, which have happened 
to pass through its, plane, as at d, d, fig. 10, .Plate IV b, 5, fig? 1» Plate VI,, and very 
conspicuously in. fig. 5, Plate IV.,. in which, by a fortunate accident, one of the spiral 
canSls has been laid open in its entire course through the inner whorls, and can be 
tfiaced.. hea rly te the central celir, ',1a the tm^ential ^e^cjn^fig. %■ Plate IV. ? . the two 
etaaMS . 
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the intercepted, passages branch off from these two spiral canals, is well seen in fig. 1, 
Plate VI., and also in fig. 10, Plate IV.; and this arrangement is shown in fig. 5, 
Plate IV. to extend to the septa between the chambers of the innermost convolution. 
The relations of the different parts of the system are brought extremely well into view 
in fig. 12, Plate IV., which represents a tangential section of a young shell, the rapid 
curve of whose spire causes the planes of even the contiguous septa to vary greatly in 
their direction. The spiral canals, though only running along the angles of the niar- 
ginal cord, pretty obviously communicate with the plexus of passages which it contains; 
and thus the interseptal system of one whorl is brought into direct connexion with that 
of the preceding. It is to be remembered, however, that independently of such con¬ 
nexion, the spiral mode of growth of itself brings about a continuity of the canal-system 
throughout, by means of the marginal plexus; the consecutive whorls not being added 
one to another like the successive annuli of Cycloclypeus, each of which is (so to 
speak) closed or complete in itself; but being formed by the prolongation of the spiral 
\amma, and of the marginal cord, which may be considered as always open to indefinite 


extension. 

160. In regal’d to the uses of this canal-system, I have not at present anything to add 
to what I have already stated when describing its distribution in Cycloclypeus 107): 
I shall have the opportunity, however, of discussing them more fully in a subsequent 
Memoir upon forms in which this system is still more remarkably developed. 

161. I have attempted to determine by a re-examination of my preparations of Nwm- 
mulites , with the additional light afforded by the structure of Operculina, whether an 
arrangement of the canal-system prevails in the former at all comparable to that which 
I have shown .to exist in the latter. In those which have undergone the ordinary 


fossilizing process, it is difficult to discover more than vague indications of its existence. 
But the peculiar process of silicification of Forcminifera, to which attention has been 
recently drawn by Professor Ehrenberg *, has afforded an unexpected verification of the 
anticipations which the similarity of these two genera in other points of structure had 
led me t© form as to this. - For by the infiltration of silex tinged with silicate of iron 
into the cavities of Foraminifera, whilst their calcareous shells have undergone decom* 
position and removal, a most perfect series of casts are presented; not merely of the 
chambers; but of the canal-system where this exists. And in his figure of such a cast 

5. fig. 2), Professor Ehrenberg has given a most beautiful 
representation of the. canal-system: of the marginal, cord, and of Its communications with 
tho interseptal canals, so closely corresponding with that which, long before the publica¬ 
tion of his ffieinoirj Iheidworked out m, €^^cuMm ? that no doubt can fairly remain 
es^tial omilarity between these two types in tins important feature of their 
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162. Hence it would appear that there is no other essential difference between Oper- 

culina and Nummulites*, than that which consists in the closing in of the spire, 
affirmed by MM. d’Archiac and Haime to be a constant character of the latter, whilst 
in the former the spire seems ordinarily to open out so long as it continues to increase. 
But even this is not an invariable difference; for I have met with several specimens of 
Operculina, in which the spire closes in by a somewhat abrupt inflexion of the marginal 
cord, so as to produce a rapid diminution in the size of the last four or five chambers, 
ending (as it would appear) in a complete cessation of growth. Examples of this kind 
are represented in fig. 8, Plate III. and fig. 3, Plate Y.; and in Pig. IX. is shown the 
closing septum of one of these specimens upon a more enlarged j^g. tt 

scale. Looking, however, to the circumstance that these specimens 
bear but a very small proportion to those which exhibit no such 
tendency, and also to the fact that some of the specimens in 
which this closing-in is seen are very far from having attained 
their full growth, I am disposed to regard it as an abnormal, or 
at least as only an occasional occurrence in Operculina; and I 
must confess that, notwithstanding the positive assertion of 
MM. d’ Archia c and Haime, I still entertain doubts as to whether 
it is to be accounted as a uniform characteristic of Nummulites. 

At any rate, the occasional occurrence of this condition in Oper¬ 
culina deprives the character of that constancy which is requisite 
to make it good for generic differentiation; and if Operculina and 
Nummulites are to be retained as separate genera, I cannot per¬ 
ceive by what features they are to be distinguished, save by the 
marked compression in form, the limited number of convolutions, 
and the external display of the whole spire, which are the obvious 
though not very important characteristics of the former. 

163. It only now. remains to speak of certain appearances indi¬ 
cative of reparation after injuries, which throw some light upon 
the physiology of this type of organization. Specimens are not 
unfrequently met with, exhibiting such irregularities as are deli, 

neated in fig. 1, Plate V.; and we can scarcely, I think, be wrong chamber of opereuUm. 
in concl uding that these irregularities have commonly been produced by fracture. A 
portion of the outer part of the spire being broken off, the wound heals by the formation 
of new shell at the margin; but in its further progress the spire often shows the effect 



itt his Edurth Hate; of the chambers and passages in different speoies of an organism which he designates 
Orbitoides, b eing in the closest conformity with my representations of the corresponding parte of these two. 
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.* Ihaveak^yffio^wte. Philosophical Transactions, l^p.-^Sl^eovrectedthe mistake into which 
- •• ™ •! .... ...» — v i.- * . : -• ** - -ii: columns of the fosalsheE 


I feB,wKeh : - 


i structure 


' r-t '*>,<&" <**; 
* f*} it 



30 


DB. CABPENTEB’S EESEABCHES ON THE EORAMINIFEEA. 

of the injury, in a narrowing of that part of the convolution which succeeds it, the new 
chambers being formed as it were on the contracted basis to which their predecessors have 
been reduced. A very remarkable feature in all these reparations is the continuation of 
the marginal cord along the fractured edge. It might have been supposed that the wound 
would have been healed with some rude exudation, which would have given rise to an 
amorphous shell-structure; but instead of this, we find the reparation chiefly effected by 
a new production (probably by extension from the old) of that portion which gives the 
most evidence in its canalicular structure of being intimately connected with the vital 
changes taking place in the organism. This phenomenon is beautifully displayed in the 
specimen represented in fig. i, Plate YI., which exhibits another remarkable feature, for 
which it is diffi cult to account,—a reversal in the direction of growth which has taken 
place after the fracture. Although the specimen is unfortunately not complete, there 
can be (I think ) no reasonable doubt that its convolutions must have taken the course 
indicated by the dotted lines; and it .would seem that after the first two convolutions 
had been formed, the spire had been broken across, almost through its centre. It will 
be at once seen, by comparing the direction of the septa of the second convolution with 
that of all those which surround it, that the latter have been reversed; and although the 
part in which the reversal actually took place is unfortunately wanting, yet there can be 
little doubt that it was made as indicated in the figure (a). But the most curious feature 
in the specimen is this,—that the extension (ac) of the marginal cord which has closed in 
the fractured portion has obviously proceeded not from the later (5), but from the earlier 
(c) of the two fractured extremities of the second convolution; and it is in this hack- 
ward growth that the reversal would appear to have originated. A somewhat similar 
retrograde increase has been already noticed among the modes in which OrMtolites is 
occasionally repaired (*ff 39); and it obviously shows that every portion of the organism 
is equally capable of extending itself when left free to do so. It is worthy of remark, 
that the growth,of this specimen subsequently to the injury, has taken place more after 
the plan oiMmmuUtes than on, the ordinary plan of Operculina; the convolutions being 
more numerous than usual, and their rate of increase slow. There is evidence, however, 
in the pres^hbe df a small fragment of the final whorl, that it underwent the thinning- 
dut yijieliTs characteristic of its type. Notwithstanding the great number of specimens 
:Whim T^we; Examined, I have, not met with one that presented any such departure 
normal type of growth as would deserve to be termed a rnonstrositg ; so that it 
seeih as, if such aberrations were more frequent in the cyclical, than in the heUdal 
: type.. \ • ■ ; V'' 
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forms of the order HSlicostigues, it was considered by M. d’Orbigny to depart from them 
in a character which he regarded of such fundamental importance as to serve as the basis 
of a distinct Order, that of BntomosUgues; of which the following is his most recent 
definition*:—“Animal compose de segments altemes, formant une spirale. Coquille 
compos^e de loges empires ou superposees sur deux axes alternant entre elles, et 
s’enroulant en spirale. ” The mode of increase of these shells, he elsewhere saysf, presents 
a singular mixture of that of the Enallostegues with alternating chambers, and of the 
spiral involution of the Helicost&gues. I have already had occasion (*[[ 111) to point out, 
that in placing Heterostegina in this order, M. d’Orbigny has misconceived the structure 
of that genus; and I shall now have occasion to show that he has fallen into an equally 
grave error in regard to Amphistegina. His definitions of that genus in the 4 Forami- 
nifbres Fossiles de Vienne’ and in the 4 Cours Eldmentaire de Paleontologie, are by 
no means accordant with each other: I take the last as the most authoritative.— 44 Co¬ 
quille deprimee a spire embrassante, pourvue de loges altemes d’une cote et non de 
l’autre, separees, int^rieurement, par des cloisons longitudinalesj. 

165. The only inquiry yet made, so far as I am aware, into the minute structure of the 
shells of this type, is that of Professor W. C. Williamson, in the memoir § to which I have 
already had such frequent occasion to refer. His investigations were made on small spe¬ 
cimens of the Amphistegina gibbosa , a species which seems to be pretty generally diffused 
through the tropical ocean, and which has been recently dredged up in great abundance 
by Mr. M c Andrew in the neighbourhood of Teneriffe. Professor Williamson showed 
by means of horizontal and vertical sections that Amphistegina has the general structure 
of Nwrrmulites, but with this marked difference (as he considered), that the shell is 
inequilateral; the spire making its convolutions obliquely instead of revolving in the 
tamp plane (in other words, being turbinoid instead of nautiloid), and the alar prolon¬ 
gations of the chambers being much larger, and extending farther, on one side than on 
the other. He did not detect any indications of a canal-system in this shell; nor dbes 
he mention that division of the septa into two laminae, one belonging to each of the con¬ 
tiguous chambers, which usually goes along with the other characters of this type. - 

166. Organization .—My own inquiries have been chiefly made upon'a set of speci¬ 
mens contained in Mr. Cuming’s Philippine Collection, which present this type in a 


condition of far higher development than,it has been elsewhere seen to attain; but I 
have also had the advantage of examining large numbers of specimens from New Hol¬ 
land, Teneriffe, and various parts of the Indian Ocean, as well as . (through the. kindness 
of Mr. W. K. Pabkbb ) numerous fossil specimens from tertiary deposits in different parts 
of the globe. Of these last, nearly all sqem to belong to the same species, A. gibbosa, as 
that described by Professor Williamson; and it is remarkable, thatwhilst tfaeaverage dia- 
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meter of the recent specimens does not elsewhere exceed -065 inch, it attains in some of 
the Philippine examples as much as -115 inch, thus equalling that of the largest fossil 
specimens which have come under my notice. The general correctness of Professor 
Williamson’s description of this species I can fully confirm; but the comparison of a 
large number of sections leads me to the unhesitating conclusion that the inequilaterality 
which has been considered the distinctive character of this type is so inconstant, as to 
forbid our gggigning any value to it as a generic, still less as an ordinal character. It is 
often very strongly marked in the fossil Awphisteginas of the Vienna and St. Domingo 
t Av tiar ifta ; but it is as frequently absent altogether, the shell being perfectly equilateral; 
and between these two extremes of form we find every intermediate gradation. So it 
frequently presents itself among the small specimens of Arnphistegina gibbosa which are 
common in tropical seas, and I have met with specimens exhibiting as great a want of 
symmetry as the one of which Professor Williamson has delineated a section; yet on 
the whole, I should say, that in the great bulk of the smaller specimens which have 
passed under my notice, the want of symmetry is but slight; whilst perfect equilaterality 
both of external form and of internal arrangement not unfrequently occurs; and in those 
large specimens from the Philippines which present this type in its highest development, 
there is little or no departure from exact symmetry.—But further, Mr. Cuming’s collection 
furnishes numerous examples of a remarkable species whose general conformity of 
structure to AmpMstegina gibbosa seems to leave no doubt of its near relationship to it 
(the resemblance of its younger specimens to that specific type being so close as to have 
led me in the first instance to a belief in the specific identity of the two), and yet the 
most exact symmetry here presents itself as the rule, departures from it being excep¬ 
tional, and never .proceeding to any considerable extent. It may be considered, there¬ 
fore, as satisfactorily established, that want of lateral symmetry is not to be held as an 
essential character of the shells of this genus, although more frequently occurring in it 
than in Nwmmlites or OpercuUm , to which, as I shall now show, this type bears an 


extremely close relationship- / 

167,..The spedLes to whidh-I have just referred being hitherto undescribed, I shall 
’designate it A. Owningii, ..In its young state it is lenticular in form (Plate V. figs. 18,14), 
aad 'is only distinguishable from, the symmetrical variety of A. gibbosa by the smaller 
rim^ Ay and distance of the septal bands which radiate from the centre 

■ they approach the margin* (The.radiating portions of 

presently appear, mark tile direction of the portions of the 
septa that intervene between the alar prolongations of the chambers,; whilst the recur- 
portions l mark ik© dfrectwn of the portions of septa that separate the principal 
. .cavities of &e <fin&bers^). As the A. Cumingii advances in life, however, a marked 
#4>kng fi-p^iaftnts itself initsiorm, corresponding to that which I have shown to occur in 

■tytiroufanai: the- spire, after about its fburth tum^ 

• tepepdfcfr itself henceforth; from the central pordompf 
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being still continued over it, but the cavity of the chambers being limited to the peri¬ 
pheral portion of the whorl. Thus the form of the shell is so completely altered, that 
it would not be recognized as the same if the successive stages of this alteration could 
not be traced, especially as the characteristic radiating lines are no longer to be seen on 
the prominent centre. Its diameter undergoes an extraordinary increase; the specimen 
from which fig. 17 was taken measuring no less than ’30 inch by ‘25 inch. 

168. The organization of the interior of the shell, as displayed by sections passing 
either through the median plane or parallel to it (Plate VI. fig. 6), and by sections 
taken perpendicularly to the median plane, or vertically (Plate VI. fig. 5), is closely con¬ 
formable to that of Operculina ; the chief difference arising out of the extension of the 
alar prolo ng ations of the chambers of each successive whorl, and of their dividing septa, 
over the entire surface of the penultimate whorl, except at the centre of the spire, which 
is c omm only occupied by a solid pillar of non-tubular substance, having the general 
shape of a double cone, whose apex is in the primordial cell, and whose base is on the 
most pro min ent part of each surface. As it is very seldom that the successive whorls lie 
precisely on the same level, a section which traverses the outer convolutions in the 
median plane will pass above or below the plane of the inner whorls; and it will thus, 
in traver sing the surfaces of these, bring into view the centripetal prolongations of the 
septa interv ening between the alar prolongations of the chambers of the whorls which 
invest them, as is shown in the central portions of fig. 6. These centripetal pro¬ 
longations are composed of non-tubular shell-substance, and the portion of the spiral 
laminn above them is also non-tubular; and thus it is that their position is marked 


on the exterior by radiating bands, which never rise in A. Oumingii into tubercles or 
ridges, though they sometimes become thus elevated in A. gibbosa. These septal 
bands are, generally speaking, those of the last-formed whorl alone, those of all the pre¬ 
ceding whorls being concealed by the investment they have received; but in unsymme- 
trical specimens (as often happens in A. gibiosa , and occasionally in A. Oumingii), the 
filar prolongations do not extend to the centre of the flatter side; so that the septal 
bands which radiate from the centre are those of the penultimate whorlj and are inter¬ 
rupted as they approach the margin by a new series belonging to the last-formed con¬ 
volution. The reason of the obliteration of the septal bauds on the prominent portion 
of the shell in advanced specimens of A. Oumngii is at once explained when we look at 
fig. 5; for as the last whorl extends itself peripherally, the alar prolongations of its 
chambers and therefore of its septa are withdrawn from the central region, and thus no 


new septal bands will be formed; whilst the continuation of the thick spiral lamina over 
the whole surface of the penultimate-whorl prevents its septal bands from displaying 
themselv es. In this respect there is a marked contrast between A. Cwvmgu and A. gib- 
bbsa\ for onthe surface of the oldest specimens of the latter Ve see not only the nume¬ 
rous septa! bands of the outer whorl, but indications of those Of the penultimate whorl, 
wj^ick' ^shOTV ' complete radiatmg'■ 

.. r ’kiwdcflidDEi V *’£'* : ’ ■ v - 
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already been made, which causes them to unite at intervals with the spiral lamina that 
is subsequently formed over them; so that they are marked on its external surface by the 
non-tubularity of its substance in those parts which immediately overlie them. 

169. Allowance being made for the differences arising out of this diversity in their 
plan of conformation, we find an extraordinary resemblance in the general organization 
of Amphistegim Cvmingii to that of the Operculim already described, as will be appa¬ 
rent from a comparison of figs. 5, 6, Plate VI. to figs. 8,10, Plate IY. of Operculma. 
Hence it will be quite unnecessary to enter into any minute description of its structure. 
In regard to the mode of communication between the chambers,-—by one principal 
orifice in the form of a narrow slit along the inner margin of each septum, with a 
variable number of secondary apertures irregularly disposed in different parts of the 
septal plane,—there is an absolute identity with Operculina; as there is also in the dis¬ 
tribution of the interseptal passages between the two layers which each septum here 
unmistakeably exhibits. The marginal cord, likewise, exhibits the same peculiarity 
of organization as in Operculim; being channeled out by freely inosculating passages 
which co mmuni cate with those of the interseptal system (Plate VI. fig. 6). This mar¬ 
ginal system of passages is even more developed than in Operculina; and a study of its 
distribution will, I dunk, remove all doubt as to the correctness of my interpretation of 
the appearances often presented by sections of the marginal cord in that genus (*|[ 156). 
There is this difference, however, in the relation of the interseptal to the marginal 
system of canals in these two types,—that the interseptal canals of Amphistegim appear 
to take their origin directly from some of the large superficial passages of the marginal 
cord on which the septum abuts, instead of branch i ng from a pair of regular spiral canals 
as in Operculina, no distinct evidence of such canals having here presented itself to me. 

170. The relationship of Amphistegim Cvmingii to those forms of Nvmmulites in 


which the alar prolongations of the chambers of each whorl are continued, with centri¬ 
petal “prolongations of the septa, over the whole surface of the penultimate whorl, is 
obviously extremely elose ; in fact, I can discern no distinguishing, character between 
these two types, except that, which ;(s afforded by the tendency of the last 1 turn of the 

to open out, whilst that of Nummulites closes in. The double- 


spire o: 



in. diferentindividuals. 

'171.' Whilst the type which 1 hacve now beep describing is thus closely related to the 
highest because most Speciaiifed fqrjns of Fbramifiiferbus organization,. it is singular 
, {frat the ^smaller species to which I have referred under the frame of AL gibbosa should 
pr^efrt ^cfr;a:infcri^ qfrcohfofrmtion.' Its.spifal lamina is as minutely 

tub ulfof ffi that of its congener bdtl hive not been able, to detect the. leas trace of a 
syatena. of interseptal canals ; audit is especially to be noticed, that the marginal cord, 
: \ WMch ; e^^ iu^,a high developmentfrf. the-canal-system in A, Cumingii, consists •%. 
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though traversed here and there by a stray tubulus resembling the straight parallel 
tubuli of the spiral lamina. I am inclined to attribute this difference in part to the 
E mail s scale of the last-named species, which prevents any part of its shell from being 
far removed from the contact of sarcode; the absence of a canal-system being analogous, 
under this point of view, to the absence of Haversian canals in laminae of bone which 
are thin enough to draw their nourishment directly from the nearest vascular surface. 
The small er species may thus be considered as—so to speak—a degraded form of the 
larger; the other differences in its structure being of very subordinate value. These 
differences, however, serve for its recognition by external characters; for whilst the 
number of ra diating septal bands to be seen in A. Cwmingii is never much greater than 
twenty, and in young specimens does not reach half that amount, that of the radiating 
septal bands in A. gibbosa commonly exceeds thirty; besides which, the backward turn 
which these bands take, when they have passed the margin of the penultimate whorl, is 
far more striking in the last-named species than in that which I have been specially 
describing. The granular character of the surface in the neighbourhood of the mouth, 
which seems due (as Professor Williamson has pointed out) to a secondary deposit of 
minn t.fi papillae of non-tubular shell-substance, is another distinguishing feature of 
A. gibbosa . To this species I am disposed to refer all the three fossil forms of AmgtM- 
stegina that are described by M. d’Orbigny* under the names of A. Hauerim, A. mar 
millata, and A. rugosa , since these differ no more from each other than do the recent 
examples of the species,—their chief distinctions being based on the degree of their 
departure from bilateral symmetry, and on the limitation of the alar prolongations 
on the flatter side to the marginal portion of the included whorl; characters, which I 
have shown to possess no constancy, and to be therefore quite valueless for systematic 
purposes. I hav e examin ed several large Amphistegince from the miocene of St. Do¬ 
mingo, which seem to conform to the same type; but in consequence of the alterations 
brought about by fossilization, I have not been able to determine satisfactorily whether 
the apparent absence of a canal-system indicates that it had no existence in the recent 
organism; so that the identification of the species must rest-on the less* satisfactory 
characters furnished by the number and direction of the septal bands, 

* Ebraminiferes Eossiles de Tieruie; pj>- 207*-209. 
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Explanation op the Plates. 

PLATE I. 

Eig. 1. Ideal figure of Dmdritina, partly laid open, so as to show the arrangement of its 
chambers, the nature of their communications by a single fissure of irregular 
form (simpler in the earlier whorls, but more complex in the later), the 
overlapping of the earlier whorls by the alar prolongations of the chambers 
of the later, and the maimer in which the last turn of the spire tends to 
detach itself from the earlier convolutions. 

Pig. 2. Ideal figure of Pmeroplis, partly laid open, so as to show the arrangement of its 
chambers, the nature of their communication by isolated pores, which are 
arranged in a single row in the later whorls, but frequently form a double 
row in the earlier, the rapid increase in the breadth of the spire coincident 
with its very extraordinary flattening in the last convolution, and the very 
slight degree in which the earlier whorls are covered in by the later. 

Pig. 3. Ideal figure of Opermlim , laid open to show the details of its structure 

« « a, marginal band (the “ spicular cord” of Mr. Caster, the “ bourrelet” of 
MM. d’Aeohiac and Haime), divided transversely at a', so as to show the 
orifices of its canals, the distribution of which is seen at «"<z" in a tangential 
section of the band, and at a!"a!" in a section through the median plane; 
b, b, b, external surface of the chambers, marked out by the septal bands; 

- c, <?, c, interior of the chambers of the outer whorl, the alar prolongations 
of which extend, as shown at d, d, over the surface of the interior whorl, 
reaching nearly to the centre of the spire; the chambers are separated by 
the septa d, d, d, formed by the union of two layers of shell, one belonging 
to each chamber, and having spaces between them in which lie the inter- 
septal canals, whose smaller branches are seen irregularly divided in the septa 
<f, <?, whilst in the septum d!' one of the principal trunks is had open 
- through its whole length; at the approach of each septum to the marginal 
bimd; of the preceding whorl is seen the fissure which forms the principal 
4’J. Cambers; at e, e are seen the secondary orifices of 

ft ' ^ ' | , , V„ t ’ ' “ A ' '' t '' 1 " ' J , ► „ 1 t ^ 1 , 1 , ' 1 l V 1 * 

: pj wiTQTimc afcion., and in the same septa is shown the distribution of the inter- 
.« ' segpfed isf ■ caag^ /, /, the two spiral canals; and at 

|j : : ^ j are seen the cimoidal colunohs oftramfifiCent shell-sulwtance, forming 

. the. surfanev^ the septa, and 
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PLATE II. 


Fig. 1. Side view of a characteristic specimen of Peneroplis :—1 a, front view, or septal 
plane, of the same, showing its single row of isolated pores:—40 diam. 

Fig. 2. Front view of a young specimen, intermediate in its characters between Pern- 
roplis and Dendritina :—40 diam. 

Fig. 3. Side view of a specimen of Peneroplis, of which the later chambers are widely 
extending themselves laterally:—40 diam. 

Fig. 4. Septal plane of cylindrical prolongation of Spirolina (see fig. 11), showing trans¬ 
ition between the isolated pores of Peneroplis and the coalesced fissures of 
j Dendritina :—40 diam. 

Fig. 5. Side view of a specimen of Peneroplis, of which the later chambers are extending 
themselves longitudinally:—40 diam. 

Fig. 6. Front view of a young specimen, intermediate in its characters between Pme¬ 
roplis and Dendritina 40 diam. 

Fig. 7. Side view of a specimen of Peneroplis, of which the later chambers are extending 
themselves longitudinally, and of which the spire is more turgid, and the pores 
arranged in a double row, as shown at 7 a:—40 diam. 

Figs. 8, 9,10. Front views of young specimens of Peneroplis, showing various departures 
from the normal type in the form of the septal plane and the disposition of 
the apertures:—40 diam. 

Fig. 11. Side view of Spirolina, which bears the like relation to the Dendritina-type 
shown in figs. 12 and 13, that the specimens represented in figs. 5 and 7 bear 
to the ordinary Peneroplis-type; the septal plane of its cylindrical extension, 
with apertures of intermediate form between those of Peneroplis and of Den¬ 


dritina, is shown at 11 a :—40 diam. 

Fig. 12. Side view of a typical specimen of Dmdritina :—at 12 a is shown the septal 
plane and single large dendritic orifice of its last chamber, and at 123 the 
same, from the preceding whorl; al, cd, alar prolongations of the chambers, 
which bear a much larger proportion to the principal cavity in the middle than 


in the later part of the growth:—40 diam. 

Fig. IS. Side view of a specimen of Dendritim tending towards the Spirolmartype, the 
last turn of the spire having already detached itself, and the last chamber 
having completely lost its alar prolongations, as seen at 13 a: —40 diam. 

Fig. 14. Front view of a young specimen of Peneroplis, presenting a very marked 
departure from the ordinary type in the form of its septal plane and the 
!, disposition of its apertures—40 diam. ■ ^ ; ■-/ 

Fig. IS. Septal plane of a specimen resembling in general form- that represented in 
/ '-V/v;/. fig. I S;, but showing a want of coalescence of the fisanes of which, the den-, 
r : ^ walls’^. 
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the chambers is here prolonged in an unusual manner over the borders of 

the septal plane:—100 diam. 

Figs. 16,17,18,19. Side and front views of young specimens of Peneroplis, showing 
various departures from the normal type in the form of the septal plane 
and in the disposition of the apertures40 diam. (See also figs. 2, 6, 8, 9, 
10,14.) 

Fig. 20. Portion of the ordinary surface of Peneroplis more highly magnified, showing 
its ridge-and-furrow plication, and its rows of minute punctations: 100 
diam. 

Fig. 21. Portion of the ordinary surface of Dendritim , showing precisely similar 
characters:—100 diam. 

Fig. 22. Septal plane of a specimen of Dendritina, showing the punctations continued 
over its surface:—100 diam. 

Fig. 23. Portion of the surface of a specimen of Peneroplis , on which the plications had 
become obsolete, but the punctations are still arranged in rows corresponding 
to them in distance:—100 diam. 

Fig. 24. Portion of the surface of a specimen of Peneroplis , over which the punctations 
are scattered without definite arrangement:—100 diam. 


PLATE III. 

Figs, 1-9. Side and front views of specimens of Operculina at various ages, showing 
differences in the form and proportions of the spire, in the surface-markings, 
and. in the number and arrangement of the tubercles marking the septal 
bands:—10 diam. 

Fig. 10. Hemispherical cluster of tubercles occupying the umbilicus of the variety of 
Operculina represented in figs. 11,12:—25 diam. 

Figs. 11,12. Side and front views of young and mature specimens of peculiar variety 
of Operculina, characterized by the rapid opening-out of the spire, and by the 
. , . .extraordinary development of tubercles, not only along, but also between the 
septal bands:—10 diam. 


• - ; '• ; ■ . PLATE IV. V v 

Fig. L Part, bi; the internal surface, of one of the chambers of an. Op&rculim that pre- 
, ,, - seated large tubercles on its exteribr, showing the uniform distribution of the 
. . A; .;•••_ tubuli except along the^pfc&bajiids, an# the comparativelylarge size of their 

of the same, showing .the 
( their crowding together; pi‘ 


" b' “ ’ OOUtigUOUS "cKoio3?6r 

s ”* i — certain, spots, with 
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the neighbourhood of these, and the diminution in the size of the tubuli as 
they pass towards the outer surface:—120 diam. 

Fig. 3. Part of the internal surface from another Operculina, presenting smaller and 
more numerous tubercles on its exterior:—120 diam. 

Fig. 4. Section through the wall of a contiguous chamber of the same:—120 diam. 

Fig. 5. Section through the median plane of the earlier convolutions of an Operculina, 
showing the spheroidal form of the primordial chamber, the irregular forms 
of the chambers that immediately succeed it, and one of the spiral canals, 
which may be traced in the marginal cord almost to the centre of the spire:— 
75 diam. 

Fig. 6. Portion of the external surface of an Operculina, of which the tubercles were 
particularly prominent:—75 diam. 

Fig. 7. Vertical section of the inner convolutions of an Operculina, which has happened 
to pass close to the primordial chamber and the one that springs from it, 
and which shows at a the two spiral canals running along their exterior:— 


100 diam. 

Fig. 8. Vertical section of a typical Operculina, passing through nearly the centre of the 
spire; showing at a, a the spiral lamina of the second whorl, separated from 
that of the whorl which it invests by the alar prolongations of the chambers 

■t of the latter, which extend nearly to the centre of the spire; b, the spiral 

lamina of the last convolution, thinned away in proportion to its extension, 
and coalescing with that of the preceding convolution near the margin of the 
latter, the alar prolongations of the outer chambers being comparatively 
small; c, septum between contiguous chambers, traversed by the interseptal 
system of canals; d, d, marginal cord divided transversely (see figs. 15,16); 
$, e, fissure of communication between contiguous chambers; f,f, spiral canals, 
divided transversely:—40 diam. 

Fig. 9. Very thin section of a lamina of the tubular shell-substance of Operculina, 
magnified 120 diameters, cutting the tubuli transversely, and showing a 
delicate areolation between them; b, prismatic appearance of a portion of the 
same, magnified 250 diameters; a, another portion, magnified 250 diameters, 
showing the comparatively. larg e size of its tubuli close to the internal surface. 

Fig. 10. Portion of a section of a typical Operculum (see Plate VI. fig. 3), taken through 
the median plane:— -a, a, marginal cord traversed by canal-system; b,b, walls, 
of the chambers, composed of minutely-tubular substance; c, septal bafeds 
with their lateral branches, composed of transparent non-tubular sHell-sub- 


. - stance; d, d, one of the spiral canals:—-50 diam. " ’ 

11 Portion of a similar section of a tuberculated ^edmefihjf t^crdfaa, showing 
,V'‘ ? 'b.''of^,th^spofe''Kcmeath-tihe tuber- _ 


F%. 12. 
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most convolution of a young Operculina, and affording a most advantageous 
display of its canal-system:— a a, marginal cord of the inner convolution; 
bb,bb, spiral lamina of the outer convolution; cc,cc, spiral canals ; dd, d d, 
origins of the interseptal canals from the spiral canals; e, e, e, projection of 
the septal bands of non-tubular shell-substance into ridges on the surface 
120 diam. 

Fig. 13. Portion of the marginal cord, a, a, of Operculina, as seen in a section passing 
" through the median plane, showing the fusiform spaces formed by the inoscu¬ 
lation of the canals120 diam. 

Fig. 14. Another portion, showing more elongated and less regular spaces:—120 diam. 

Fig. 15. Transverse section of the marginal cord, act, as seen in a vertical section of 
Operculina (fig. 8), showing its slightly furrowed external surface, the canal- 
system which traverses its interior, its junction with the ordinary tubular 
substance, b b, of the spiral lamina, and the spiral canals, cc :—120 diam. 

1%. 16. A similar section from another specimen, showing deep fun-ows upon the 
exter nal surface of the marginal cord:—120 diam. 


PLATE Y. 


Fig. 1. Side view of an Operculina , of which a portion of the last whorl has apparently 
been broken off, and the injury repaired by the continuation of the marginal 
cord along the line of fracture:—10 diam. 

Fig. 2. Portion of the outermost and penultimate convolutions of Operculina, laid open 
by vertical fracture:— a, external surface of marginal cord of the convolution 
inclosed by them; d, d, transverse sections of the marginal cord in the outer 
convolutions; b'b, the two marginal canals, whose transverse sections, V V, are 
seen in the penultimate convolution; c, septum between the contiguous 
chambers of the penultimate convolution; d, the same in the outer convo¬ 
lution ; d d, origins of interseptal system of canals; e, e, fissures of communi¬ 
cation between contiguous chambers;/, secondary pores; gg, thick spiral 
lamina of tubular substance, formed by the coalescence of that //of the 


last whorl over that pf the penultimate whorl:—75 diam. 

Fg/% Side view of last whorl ha» dosed in by a gradual 

dirrifnprin uin the aze of its chambers:-—10 diam.,- , . 

Figs. 4 5. .Ekt^aud surfhce of inargmal eoriL A«, ^owihg two, modes of disposition 
> , ■ i taeutiheprifiOBs of some of the canals; at dd the 

V ,v . '31t 1 • saetibai.r and at bb is shown its junction with the 
; 4 ’-'■>/ '1 - . .. , 

the superficial characters of Qperculim :—40 diam. 
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PLATE VI. 

Fig. 1. Section of a portion of the outer whorl of Operculina, parallel to the surface, 
showing a marked irregularity in the disposition of the septa:— a a, marginal 
cord; b b one of the spiral canals; c, c, septal bands of transparent shell-sub¬ 
stance ; d, tubular shell-substance of spiral lamina forming the walls of the 
chambers; e, e, prolongations of interseptal canals in spiral lamina:—100 diam. 

Fig. 2. Similar section from another specimen, showing an appearance of reticulation in 
the spiral lamina:— a a, marginal cord; c, septal band; d, one of the inter- 
septal canals communicating with canal-system of marginal cord; e, prolon¬ 
gation of interseptal canals in spiral lamina:—100 diam. 

Fig. 3. Section of Operculina, traversing its median plane except in its central portion, 
and showing, especially at a and b, great irregularities in the disposition of 
its chambers:—12 diam. 

Fig. 4. Portion of a specimen of Operculina, which seems to have undergone fracture at 
an early age, and to have thenceforth grown in a reversed direction, as ■will 
be seen on comparing the direction of the septa in the whorls a and b; the 
marginal cord appears to have been continued from c to a along the line of 
fracture, and thence to have grown onwards to b :—50 diam. 

Fig. 5. Vertical section of Awphistegina Cwnmgii, showing its conformity in all essen¬ 
tial respects to the type of Operculina, and the differences produced by the 
gmalW size of its chambers in proportion to the thickness of its spiral 
lamina:—50 diam. 

Fig, 6. Portion of section of AmpMstegma Oumingii, traversing its outer whorls in the 
median plane, but passing along the surface of its inner convolutions, so as 
to br ing into view the alar prolongations of the septa in their passage towards 
the centre, and-the occasional inosculation of their canal-systems by loops in 
that region:—50 diam. 
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II. Description of some Memains of a Gigantic Land-Lizard (Megalania prisca*, Owen - ) 
from Australia. By Professor Owen, F.B.S. & c . 

Deceived May 13,—Bead June 17,1858. 


In a collection of fossil bones from pleistocene (V) deposits forming the bed of a tributary 
of the Condamine River, west of Moreton Bay, Australia, recently purchased by the 
British Muse um , were the three vertebrae which form the subject of the following 
description. 

They formed part of a collection composed chiefly of re mains of Diprotodon , Noto- 
therivm and other large extinct Marsupials, and presented the same colour, specific 
gravity and partially fossilized state; but their anatomical characters were very different, 
and demonstrated these vertebrae to belong to a large reptile of the Lacertian order. 

These characters are, the well-turned hemispheric anterior cup (Plates VII. and VIII., c ) 
and posterior ball (ib. 1) for the articulation of the body of the vertebra with those of 
contiguous vertebrae, the tubercle (ib. d) at the fore-part of each side of the base of the 
neural arch for the articulation of the rib, and the contracted area of the neural canal 
(Plate VII., fig. 4, n): the latter character is extreme, and denotes the small proportional 
size of the spinal chord in correlation with the habits and powers of a sluggish cold¬ 
blooded quadruped. 

The neural arch has coalesced with the centrum ; the cup and ball are both placed 
obliquely (Plate VIII. fig. 2), the latter (ib. b ) looking upward and backward; both these 
characters concur with the single costal tubercle on each side, in determining the lacer¬ 


tian character of the vertebrae in question. , 

The best preserved of the three vertebrae (Plate VII. figs. 1,2,3 & 4) wants the right 
posterior zygapophysis; the articular surface of the costal tubercle (fig. 1 , d) is also 
abraded. The following are dimensions of this vertebra:— 

Inches. Lines. 


Length of centrum., * * •«.^ ® 

Length of non-articular lower surface of centrum.2 0 

Breadth of centrum, behind the ball.>1 , H . 

Vertical diameter of centrum, behind the ball.1 4 

Vertical diameter of cup . . . . . • • • • • • 1 ^ 

- 'jTBBasvecse diameter of cup . ... • V %® 

Breadth of neural arch above the costal tubercles . '. . -, 4 7 

* and ipijafwd, to roam about ; in refereace to the t^cwafeisi.Btiture erf the great Saurian,, 

which was above BamC’ur the author's fE^tntea.' ofr Bbafiil ^eptflia,’ wc 

IS®. ' *• V' 









44 


PROFESSOR OWEN ON SOME REMAINS OP 


Inches. 


Vertical diameter from highest part of neural arch . . 

Transverse diameter of anterior outlet of neural canal 
Transverse diameter of posterior outlet of neural canal 
Vertical diameter of anterior outlet of neural canal . 
Vertical diameter of posterior outlet of neural canal. 
Longest diameter of anterior zygapophysis .... 
Vertical diameter of costal tubercle . . •' • 

Transverse diameter of costal tubercle. 

Antero-posterior extent of base of neurapophysis . . 


Lines. 

4 

9 

4 
3 

5 

6 
0 
7 

10 


The anterior articular concavity of the centrum, as shown by the above admeasure¬ 
ments, is a tr ans verse ellipse, very obliquely placed, looking downward and forward, 
this aspect is shown in the section of the smaller vertebra (Plate VIII. fig. 2, c). The 
articular surface is smooth ; in the larger vertebra (Plate VII. fig. 4, c) it presents a 
shallow transversely lengthened pit at the centre. 

The under surface of the body (ib. fig. 3) is flat from before backward, broad, and slightly 
convex transversely; it is a little roughened, with two very shallow depressions anteriorly, 
as if for aponeurotic attachments, but shows not a trace of hypapophysis. The hind 
articular convexity corresponds in size and shape with the anterior cup, and has an 
opposite aspect; the plane of the base of the ball (ib. fig. 1, b ) forms an angle of 45° with 
th a t of the lower surface of the centrum; the lateral margins of the ball project a little 
beyond the narrow constriction which there divides it from the rest of the centrum. 

In front of this constriction the sides of the body rise, expanding, with an outer con¬ 
vexity, as they advance to the costal tubercle, which is situated upon the fore-part of the 
base of the neurapophysis. Some wrinkled and vascular impressions beneath the tubercle 
indicate the place of the obliterated suture between the neural arch and centrum. 

The base of the costal tubercle (ib. fig. 1, d) is a vertical ellipse, of the dimensions 
above given. On the right side its convexity is shown, the articular surface hot being 
abraded beyond the thin crust of bone which formed it: on the left side the abrasion 
exposes the coarser cancellous texture of the bone beneath. Above the tubercle, a ridge 
or ftwgfe formed, by the meeting of the anterior and lateral surfaces of the neurapo- 
phy^ dxtea&tbthe outer end of the anterior zygapophysis. The articular surface of this 

apdinvvard, The broad.upper surface of tire neural 
arch between the processes is,rather eoncave, traversed by a low median ridge (Plate VII. 
fig. 2, n s). : On each side of this, at the .fore-pprt of the arch, is a. sm all tubercle ; be¬ 
hind this tiie surface -is toughened •%' pits, arranged in progressively 

lengthening curved lines, indicative of a place of ligamentous attachment; between 
tins surface and the zygapophysis is a broad and very shallow smooth depression. The 
. posterior half of the upper surface of the neural arch is convex, and extends outward 
af j^i fp te the. posterior zygapophyris (ib. /), the articular surface of which 
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The fracture which has broken away the right posterior zygapophysis extends a little 
to the left of the median line, and there may, therefore, have been a neural spine from the 
posterior third of the arch; but it must have been thin, and was probably, if it existed, 
low; it is represented along the rest of the arch by the ridge (ns) above mentioned, 
which nowhere rises above two lines in height Thus the breadth of the neural arch 
exceeds its length, and much exceeds its height 

The extreme contraction of the neural canal (ib. fig. 4, n) forms a striking feature in 
this vertebra, especially in regard to the vertical diameter of the anterior outlet: in the 
posterior outlet this diameter is the longest The anterior outlet is unsymmetrical, the 
right nerve or vessel from the chord indenting more deeply the vertebra, as it leaves the 
The posterior outlet shows the inward projection of a ridge from the middle of 
each side of the canal; external to this outlet a low ridge rises vertically from the margin 
of the articular ball to the lower end of the surface of the zygapophysis. 

The free surface of the vertebra is in general smooth, or with shallow linear markings 
and impressions, as above described. 

This vertebra belongs to the dorsal series. 

The second vertebra (Plate VIII. figs. 1 & 2), which is somewhat smaller, appears, by 
the greater extent of the costal tubercle (fig. 1, d), and by the longitudinal depression on 
each side of the mid-part of the under surface, to have come from the cervical region. 
The left side of this vertebra was so much mutilated that I had it ground down to a 


flat surface, such as would have been left by a vertical longitudinal section of the bone. 
This exposed the shape of the neural canal (fig. 2, n), which, from its shallow anterior 
outlet (ib. u), deepens to the middle of the vertebra, by the s inkin g of the floor of the 
r^nal into the substance of the centrum, whence it contracts a little towards the posterior 
outlet. The ridge indicated at the side of the canal in the preceding vertebra is here 
seen to commence anteriorly from the upper part of the canal, and describing a curve 
similar to, but not quite parallel with, that of the floor, to terminate behind near the 
middle of the canal. The large vascular canals and coarse cancellous texture of the sub¬ 
stance of both the centrum and the neural arch are also shown by this section. There 
was. no neural spine on this vertebra, but only the low median ridge corresponding to, 
but. less developed than, that partially shown in the foregoing vertebra. 

The subtriangolar surface formed by the small shallow impressions in curvilinear lines 
is also present on each ride of the fore-part of the median ridge of the neural arch in this 
vertebra, anterior to which is a tubercular rudiment of a ‘ zygosphene*.’ 

The costal tubercle (ib. fig. 1, d) commences about three lines from the lateral border 
g£ tiie anterior cup c, and extends to near the anterior zygapophysis,.#'. Thelengtfrof 
the tubmsole is 2 inches 3 lines; its greatest breadth is .9 lines, ? . , / : -• 

The" stripe, a nd aspects of the articular surfaces, both on the, centrum and neural arch, 
are the "sanse. as; in the former vertebra. The general configuration of the vertebrae, is 
likewise 
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The length of the centrum is 3 inches; the vertical diameter of the vertebra is 2 inches 
10'lines. The greatest vertical diameter of the neural canal is 6 lines. 

The third vertebra of the present gigantic Lizard consists of a mutilated centrum only 
(Plate VIII. figs. 3 & 4): it shows the median tract defined by the lateral grooves 
(fig. 3, v) on the und er surface, the grooves being broader and deeper and more decidedly 
bent outward at their fore-part than in the foregoing and somewhat smaller vertebra; the 
median tract is simply convex from side to side, and is straight lengthwise; it does not 
project at any part below the level of the under surface; on the contrary, the convex 
outer sides of the grooves project below its level. The part of the neural canal (fig. 4), 
preserved on the upper broken surface, shows the transverse expansion at its fore-part, 
and a low median ridge from the floor of that part of the canal. 

The mid-tract of the lower surface of the centrum (id. fig. 3), though, in the cervical 
and anterior dorsal vertebrae, defined by the lateral grooves, % is not produced at any 
part as a hypapophysis, but resembles, in this respect, the under surface of the hinder 
neck-vertebrae in the Monitors ( VdTQ/nus, Ilydrosa/uvus, fig. 3 (t). 

The small vertical diameter of the centrum, in proportion to its breadth, and the 
oblique position of the terminal cup and ball, are well displayed in the present mutilated 
specimen, which appears to have been rolled and water-worn. 


In compa ring the vertebrae of Megalania with those of existing Lizards, the biconcave 
vertebrae of the Geckos, and the complex procoelian vertebrae, with zygosphene and 
zygantrum, of the Iguanians*, are at once set aside; as are also the compressed and 
carinate or snbcarinate cervical and dorsal vertebrae of the Hhynchocephctlus (Hatt&na,, 
Gray) of New Z ealand. Am ong the less modified vertebrae of other Lacertians, those 
of the Australian Monitors and Lace-lizards (Hydrosaurus, Wagler) make the nearest 
approach to the vertebrae of Megalmia. 

They present the same oblique position of the cup and ball (Plate VIII. figs. 1 a, 2 a), 
flatness and breadth of the under surface of the centrum (id. fig. 3 a), constriction at the 
base of the ball and lateral expansion thence forwards to the costal tubercle; the*Same 
relative size and aspect of zygapophyses; the same curvilinear pittings and fine w rinkl i n gs 
affiancing the otherwise smooth and compact outer surface of the bone ; the same con- 
trasir between; the vertical and transverse diameters of the two outlets of the neural 
canal ; and the same lateral;and infero-median ridges in that cainal. The chief distinct 
tions are, the much more contracted area of the-neural canal, and the minor develop- 
ment of the neu^ ^ine, in Megdkmia (compare fig. i with 4 a); . also the. shortness of 
, the vertebr® in prqpqrtipn. their .breadth, in ■ the large fb&il Ihard., 

,‘s- T uffydrosaurus warms ^the ^clge r^^^ting .thenetuhl; spinebegins, as in Megalmia, 

^ arcK hut is-relatively higher, althongh low and equal: 
this. mi&es it probable that the- homologous ridge in the vertebra (Plate VTII. fig. 4, ns) 

}-y : ,'■* , t of the OsteologicalSeraesmthe Museum of the Eoyal College of SuigBoaos,: 
f, \ i,e ,d?0sb4otLogie CompapSe,’ 8vo, FariS,1855, ph l&ffi " 
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of Megalania is the sole representative of the neural spine: in Hydrosawrus giganteus 
the ridge rises to the proportions of a spinous process. But, apart from these generic 
or subgeneric differences, the correspondence is complete between the extinct and above- 
cited existing Monitor-lizards of Australia. 

The three or four vertebrae at the base of the neck, supporting free ribs, in Hydro¬ 
sawrus, exhibit the same modification of the costal tubercle as in the second vertebra of 
Megalania (Plate VIII. fig. 1, d) : those vertebrae, also, show the median tract defined by 
the two side-grooves on the under surface. The vertebrae in advance of these, in Hy¬ 
drosawrus, have the median tract produced into a hypapophysis. 

Vertebrae of Megalania will probably be discovered showing this character; and, 
indeed, from the correspondences already determined, it may be inferred that the same 
local modifications of the vertebral column prevailed in the bony structure of Megalania 
as in that of the existing Australian Monitors. 

Among these land-lizards, it is interesting to find that one species, which attains the 
length of upwards of 6 feet, has been dignified with the specific name of giganteus, on 
account of this unusually large size compared with the generality of existing Lacertilia. 

Whether among the vast and unexplored wildernesses of the Australian continent any 
living representative of the more truly gigantic Megalania still lingers, may be a ques¬ 
tion worth the attention of travellers. But, most probably, like the gigantic Marsupials, 
JDiprotodon and Notothenum, with whose fossil remains those of Megalania were asso¬ 
ciated in the tertiary deposits now cut through by the Condamine and its tributaries, 
the gigantic land-lizard has long been extinct. 

The procoelian type of vertebra, or that in which the articular cup is in front and the 
ball behind, characteristic of the fossils above described, was first introduced in the 
Rept ilian class, according to present knowledge, during the liassic period; but, from 
that to the upper oolite, it was manifested only by Pterodactyles. The earliest exam¬ 
ples of procoelian vertebrae in Lacertian reptiles date from the Wealden period; in Croco¬ 
dilian reptiles the procoelian type first appears at the cretaceous period*. 

The only known procoelian lizards comparable in size with the large Australian one, 
represented by the three above-described vertebrae, are the Mosasmrus and Leiodon of 
the Greensand and Chalk strata. , 

The inferior depth of the cup and production of the ball, the vertical position of both 
at right angles with the axis of the centrum, and many minor modifications of the ver¬ 
tebra of those large Lacertians of the cretaceous period, show great differences between 
them and the fossil procoelian vertebrae of the freshwater tertiary deposits of Australia. 
The Mosasaurpids were, in fact, a family of marine lizards so distinct from existing spe¬ 
cies, as to form the type of a suborder. ■■ ' - ‘ = 

The fossil remains of European procoelian lizards, vvhich, like tbe lar^e vertebrae under 

* In the Greensand of New Jersey, North Aineriea (Proceedings pf ; fee Geological Society, January 31, 
1849J 5 mthe pflfemtAiai^ 
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description, belong to the type of true land-lizards, all belong to species of the ordinary 
average size. The miocene and pliocene formations of the continent, and especially of 

France, have furnished several genera and species*. 

The fthfof pec uliari ty of the Australian fossil lizard is its great size; the vertebrae 
rival in bulk those of the largest living Crocodiles. The ‘ Monitor de la Nouvelle-Hol- 
lande’ ( Varanus , Merrem, Hydrosawrus , Wagler) has thirty vertebrae between the skull 
and sacrum. Taking the average length of the vertebra at 3 inches, this would give 
T feet 6 inches as the length of the trunk of the Megalania; and were the proportions 
of the head and tail like those of the great Lace-lizard of Australia (Hydrosawrus gigan- 
tms, Gray), the total length of the Megalania would be about 20 feet. 

On the very probable hypothesis that the jaws and teeth of Megalania were of the 
same type as those of the Hydrosawrus, it must have been carnivorous, and, by its bulk 
and strength, very formidable. 


Description op the Plates. 
PLATE VII. 

Fig. 1. Side view of a dorsal vertebra, Megalania prisca. 

1%. 1 a. Side view of a dorsal vertebra, Hydrosawrus giganteus. 
Fig. 2. Upper view of a dorsal vertebra, Megalania prisca. 

Fig. 2 a. Upper view of a dorsal vertebra, Hydrosawrus giganteus. 
Fig. 3. Under view of a dorsal vertebra, Megalania prisca. 

Fig. 3 a. Under view of a dorsal vertebra, Hydrosawrus giganteus. 
Fig. 4. Front view of a dorsal vertebra, Megalania prisca. 

Fig. 4 a. Front view of a dorsal vertebra, Hydrosawrus giganteus. 


PLATE VTII. 

Fig. 1. Side view of a cervical vertebra, Megalania prisca. 

Fig. l a. Side view of a cervical vertebra, Hydrosawrus giganteus. 

Fig. '--2. Vertical section of a cervical vertebra, Megalania prisca. 

F%.L2^,_ s^ctkal of a cervical vertebra, Hydrosa/wrus giganteus. 

Fig, 3. ’ Under view of an anterior dorsal vertebra, Megalania prisca. 

Fig. 3 a. Under view of bn anterior dorsal vertebra, Hydrosawrm giganteus. 

F%. 4. komontal section; of an anterior' dsorsal yeriebra, Megalania prisga. 

J&g; ia. Horizontal section of an anterior dorsal ve^ gigamleus. 

are of the naturaLsiae, and have been drawn on the stone without 
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III. On some Remarkable Relations which obtain among the Roots of the Four Sguares 
into which a Number may be divided, as compared with the corresponding Roots of 
certain other Numbers. By the Right Hon. Sir Frederick Pollock, F.R.S., Lord 
Chief Baron. 

Received April 26,—Read May 20,1858. 


The property of numbers, which is the subject of this paper, first presented itself to my 
attention in the case of the odd squares 1, 9, 25, 49, &c. (2n+lf; any two adjoining 
odd squares may be divided (each of them) into 4 square numbers, whose roots will 
have this remarkable relation to each other: two of them will be identically the same; 
and as to the other two, one of them will be 2 less, and the other will be 2 more than 
the roots of the preceding or subsequent odd square; for example, 25 and 49 may be 
divided into squares, the roots of which being placed below, will appear thus:— 

25 49 so 49 81 

-2,1,4,2' —4,1,4,4 0,2,3,6 —2,2,3,8 

or thus 0,0,3,4 —2,0,3,6. 

In comparing the roots of the adjoining odd squares, 2 roots (placed in the middle) are 
the same; of the others, one is 2 more, the other 2 less than the corresponding roots of 
the other. 

The following Table presents the result of a comparison of the roots of all odd squares 
up to 27 a = 729:— 


1 

0,0,1,0 

9 

0,1,2,2 

25 

-2,1,4,2 

0,0,3,4 

49 

' 0 , 2 , 3,6 

' •-V Oi l, 4,8 

--2,* 

. 

MDCCCLlX 


9 

-2,0,1,2 

25 

•—2,1,2,4 

49 

-4,1,4,4 

-2,0,3,6 

81 

-2,2,3,8 

121 

-2,1,4,10 
-4,4,5,8 


225 

-4,3,10,10. 
-6,5,10,8 

rv • •• : 1 k'-..A tf:**$’■:?:>:&?.¥' ■ 


121 

-2,2,7,8 

169 

0,3,4,12 
-2,4,7,10 
-4,5,8,8 
-6,4,9,6 


169 

-4,2,7,10 

225 

-2,3,4,14 
-4,4,7,12 
-6,5,8,10 
-8,4,9,8 

289 

—6,3,10,12 

:-%5,10,10 

361 

-4,5,8,16 
—8,’3,12,12 
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361 

0,1,6,18 
-2,1,10,16 
-4,7,10,14 
-6,9,10,12 

441 

-8,8,13,12 

-10,4,15,10 
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625 

10,10,13,16 
-4,5,10,22 


441 

-2,1,6,20 
-4,1,10,18 
-6,7,10,16 
-8,9,10,14 

529 

-10,8,13,14 
-12,4,15,12 


529 

-8,10,13,14 
-2,5,10,20 


625 

-2,4,11,22 

&c. 


729 

4,4,11,24 
&c. 


[It is to be remembered, that throughout this ’pager the root of my square may be 
assumed to be positive or negative at pleasure, md O is considered as m even square. 

This relation ammg the roots belongs also to the numbers resulting from the addition 
of any (the same) even number to the adjoining odd squares, and within certain limits 
(to be noticed presently) to the numbers resulting from the subtraction of the same even 
number: thus, 

81-4=77 


49-4=45 

—2,3,4,4 
0,0,3,6 

49-2=47 

—3,2,5,3 

49 

0,2,3,6 

49+2=51 

-1,3,4,5 

49+4=53 

0,1,4,6 
&c. , 


-4,3,4,6 
—2,0, 3, 8 

81-2=79 

-6,2,5,5 

81 

-2,2,3,8 

81+2=83 

-3,3,4,7 

81+4=85 

-2,1,4,8 
&e. 


The addition may proceed indefinitely, but the subtraction has this limit: on deducting 
30 from 49, and also from 81, the numbers become 19 and 51, which are terms in the 
series i, 8, 9,19, 33, 51, &c. (2% 3 +l); and any 2 alternate terms of that series will 
become by continued addition adjoining odd squares. 

Any 2 alternate terms of the.series may be represented by 2 .{n —1)*+1, and 
2.(»+!)*+1, ox 2» 2 —4»+3, and 2 m, s +4k 4-3 ; add 2w > —2 to each, and they become 
(2»--l^iBid -644 sutures. •+ : ' 

-aqnares +1 be assumed, the 

adjoining. mxhilar propertiesthus, 


* 1 * ■ 

f ;r v 




= 5 - ■’■•sV 

0 , 0 , 2 ,+; 
+^, M,2 . 


16+1=17 

—2,0,2,3 

-1,0,0,4: 
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‘ 16+1=17 

+1) 0? 0, 4 


36+1=37 

-1,0,0,6 


36+1=37 

-1,2,4, 4 
&c. 


64+1=65 

-3,2,4,6 
&c. 


And each of these may in like manner be increased, or (subject to a similar limit) be 
diminished; these, however, are derived from the alternate terms of another series, 
1, 5, 13, 25, &c. (2tt 2 +2?i+l), (»—2) 2 +(w—l) 3 , and »*+(%+1) 3 will represent any 
2 alternate terms of the series; and if to 2n 2 —6ra+5, and also to 2»*+2w+l there be 
added 2 v? —2 n, they become 4n 3 —8%+5, and 4» a +l, or (2w—2)*+l, and (2n)*+l, 
or, adjoining erven squares +1. 

The various examples of these or similar relations among the roots of the 4 squares 
into which n umb ers may be divided are endless; the increase and decrease of the variable 
roots is not always by 2; it may be by any other number. But instead of multiplying 
exam ples, it will be better to enter on the proof of what has been already stated, which 
will fur nish the means of investigating every instance that can be produced. The proof 


depends upon,— 

1st, a general property of all odd numbers which (as far as I am aware) has not hitherto 
been noticed; and 

2ndly, a general theorem relating to odd numbers in arithmetical progression. 

The property of odd numbers is this:—Every odd number may be divided into 4 
squares, in such manner that 2 of the roots will be equal, 2 of them will differ by 1, 
2 of them will differ by 2, 2 of them by 3, and so on, as far as the number is capable 
(from its magnitude) of having roots large enough to form the difference required. The 
difference may be algebraical, and result from one of the roots being considered as a 
negative quantity. For example, there is only one mode of dividing the number 23 
(a n um ber of the form (8?j+ 7)) into 4 squares; these must be 1, 4, 9, 9, and their roots 
±1, ±2, ±3, ±8:- 

3 and 3 are equal, difference 0, —3 and .3 differ by 6, 

3 and 2 differ by 1, —2 and, 3 differ by 5, 

3 and 1 differ by 2, —1 and 3 differ by 4, 

2 and -1 differ by 3. 


The differences of the roots may therefore be 0, 1, 2, 3, 4, 5, or 6; a greater difference 
than 6, is (in the number 23) impossible; the least numbers that would make a difference 
of f would' be 3 and 4, and the sum of their squares would be 25. 

The same form or mode of dividing a number into 4 squares does not always furnish 
every possible difference (as in the. case of 23); thus 13 intone form has the roots 
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>77 is +1,6,6,2, and therefore fl 117 is -3,6,6,6. Obviously it is easy to throw the proof 
into a general algebraic form; the general property of odd numbers above stated may 
therefore be considered as established. 

The theorem alluded to is this:—If any odd number of odd numbers, beginning with 
13 (or any other n umb er), be in arithmetical progression with a common difference of 
4 [or any other n umb er] (for the purpose of this example let the series be 13,17, 21, 
25, 29, 33, 37, with a common difference of 4), then if the common difference (4) be 
assumed as the index of the difference of roots to the middle term in the series, and the 
higher terms beyond the middle have as indices of the differences of their roots (4+1), 
(44-2), (4+3), &c. in succession, and the lower terms have as indices (4—1), (4—2), 
(4—3), &c., the series with the indices will be '13, 2 17, *21, 4 25, *29, 6 33, ? 37; then 
if the terms less than the middle term be divided into four squares with exterior roots, 
having the differences indicated by the respective indices [which may be done by the 
property of odd numbers just proved], thus, 

x 13 2 17 S 21 4 25 

1,2,2,2 a o q o —1,0,4,2 —2,1,4,2 

2,0,0,3 °’ 2,d ’ 2 +1,0,2,4 0,0,3,4 

then the terms greater than the middle term will have this relation to the terms less 
than the middle term, the two terms next to the middle term will have their exterior 
roots,-—one, less by 1, the other, greater by 1, than those of the other. The two terms 
next but one will have their exterior roots,—the one, less by 2, the other, greater by 2, 
and so on, incre asing as the pairs of terms become more distant from the centre; and 
all the pairs of terms (equidistant from the middle term) will respectively have the same 
middle roots; thus 

*25 5 29 6 33 7 37 

-2,1,4,2 0,0,2,5 -2,2,3,4 -2,2,2,5 

-1,0,0,6 

Comparing them, the result is as stated above; the difference between the exterior^roots 
of the respective pairs is half the difference between the respective indices. 

The algebraic proof of this theorem is very easy. Let there be an arithmetic series 
wifewAsa mjdfUft term and p as a common difference; then the series with the indices 
of tl^ d^frencesqf roots will be 

, ? », ?+1 (w+i>), . p+ *{»+2p), &c.; 

and any twotems equidistant from the middle term may be represented by (n<—nvp), 
(ja+mp), and their indices win be (#+«$. (p+m);; tfiebif ?““(%-»»Hp) have its middle 
roots r, 3, and the first of its exterior roots os, the other exterior root must he «+p— m 
in order that fee difference of fee roots may correspond with the index and equal 
; then fee corresponding roots of n-\-mp will be, according to fee theorem, 
If fee first set of roots be squared, fee sum is 
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if the second set of roots be squared, the sum is <z s —2«m+?» a +^+^+(«+i>)® 5 which 
is 2pm more than the former; if, therefore, the first sum of squares equals n—mp, the 
second will eq ual n+mp; therefore the pair of terms that are at the distance (m) from 
the centre will have their middle roots the same, and their exterior roots one less by m, 
the other greater by m than those of the other. 

In this proof p, the common difference, may be odd or even, and w, the middle term, 
may be odd or even; thus 

2 2 8 6 4 10 5 14 6 18 

-1,0,0,1 -1,0,1,2 -2,1,1,2 -2,0,1,3 -3,0,0,3 


is a series composed of even numbers, all of which obey the theorem; but frequently 
an even number is not so divisible as to form the required difference. To form every 
difference is a property which belongs universally to odd numbers only, not to even 
numbers; the common difference may be only 1; the numbers from 25 to 41 are all 
(both odd and even) divisible into four squares, whose roots conform to the theorem. 


33 being the middle term. 

~ 7 25 - fl 26 " 5 27 

4,0,0-3 5,0,0,-1 5,1,1,0 


9 41 8 40 7 39 

- 4 , 0 , 0,5 - 2 , 0 , 0,6 - 1 , 1 , 1,6 


_4 28 " s 29 - 2 30 

2,2,4,-2 5,0,0,2 3,2,4,1 


6 38 5 37 4 36 

-3,2,4,3 +1,0,0,6 0,2,4,4 


-*31 °32 

3,3,3,2 0,4,4,0 

*33 

0,4,4,1 

3 35 2 34 

1,3,3,4 -1,4,4,1 


To apply this theorem as a proof of the matters stated in the beginning of the paper, 
all the examples, whether of the odd squares, or of the even squares +1, or those 
numbers increased or decreased, may be made terms in an arithmetic series; 4 n — 4w+l 
and 4» 2 +4»+l (which represent any 2 adjoining odd squares) have a difference of 8n, 
which is divisible by 4, and therefore - they may form terms in an arithmetical series; thus 


4» s — 4 m+ 1, 4ra 2 —2 ji+ 1, 4% a +l, 4» a +2»+l, 4»*.+.4»+l, 


the common difference being 2 n, and the odd squares will be two places from the middle 
term; their exterior roots will therefore be greater and less by 2. So any 2 adjoining odd 
squares, 4 ti? and 4w*+8®+4, differ by 8w+ 4, which is divisible by 4; and the adjoining 
even squares, +1, may in like manner be made terms in an arithmetic series. 

I propose now to apply the'theorem generally to other instances of odd numbers 
having 2 roots equal and the other 2 roots differing by any number whatever, - the 
one root being greater,- the other less by that number; for example, the alternate odd 
squares may he divided into 4 squares in such manner 4 that 2 roots of the one may 
.equal 2. roots of the other, and the differences of the rem ainin g foots will be 4. 

, - v: : *9 •: ! ' ' V *49 
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325 U 81 

0,0,4,3 -4,0,4,7 

—1,2,4,2 -5,2,4,6 

so the odd squares taken every third term, as 

9 81 

+ 2 , 0 , 1,2 - 4 , 0 , 1,8 

25 121 

+2,1,2,4 -4,1,2,10 

present a difference of 6 for the exterior roots. 

The theorem affords a solution of all these and every other instance. For in the case 
of any arithme tical progression of odd numbers having an odd number of terms, the 
terms of which have been indexed as directed (by making the common difference the 
index of the middle term, &c.), it will be found that all the pairs of terms equidistant 
from the middle term are derived from 2 terms of one, or other, of the 2 series above- 
mentioned by adding the same even number to both; if the indices be even, they are 
derived from terms in the series 1, 3, 9,19, &c.; if the indices be odd, the terms are 
derived from the series 1, 5,13, 25, &c., and the terms in the series may immediately 
be found, as they are the terms having the same indices as the pair of terms in the 
arithmetical progression. Let 

% >9, s 13, s 17, 4 21, 5 25, 6 29, 7 33, 8 37 

be an ari thm etic series (with a common difference 4 and 21 the middle term) indexed 
according to the theorem; place under each term that term in either of the two series 
which has the index of the term in the arithmetical series; thus 
«5 >9 s 13 '17 4 21 '25 “29 7 33 8 37 

°1 1 s 3 >§ *9 '13 6 19 7 25 8 33 

4 8 10 12 12 12 10 8 4 

Deducting the one from the other, it is obvious that the terms equidistant from 21 are 
derived from terms of the two series, by adding to them the same number; if the terms 
in the 2 series be adjacent, the difference of the exterior roots will be 1, if alternate, 2, 
and so on; ff the.terins in the 2 series be m places distant, the differences of the exterior 
roote wp bem: this may be shown generally in an algebraic form, thus. 

ton, of an arithmetic series be % and the common difference be an 
even number 2m, the series with its indices will be , 

2 "“*(«—4m), *^’(»-&»), !B+s (»+6m), &c. 

and the terms of the 2 series, to be placed under each term will be 
&c.(2m s -4m+3), (2m 8 —2m-fl), (2m 8 +l), (2m*+2m+l), (2m*+4m+3), &c.; 
deducting the onefrom the other, the remainders will be 
■ •(»— »—(2m*+l), »—(2m*+l),(2nt*+3),(2m*+&)> 
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where obviously the remainders equidistant from the middle term are equal to one 
another. 

Now the difference between the adjoining terms of either of the 2 series will always 
be divisible by 2, the difference between the alternate terms will be divisible by 4, the 
difference between 2 terms that are m apart will be divisible by 2m. 

For the nth term of the series 1, 3, 9,19, &c. is 2% s +l, and the (%+m)th term is 
2» 2 +4»»i+2m 2 +l, and their difference, 4?m+2m 2 , is divisible by 2m. So in the other 
series (1, 5, 18, 25, &c.) the nth term is 2ra 2 +2w+l, and the (n+m)th term is 
(%+m) 2 +(rc+m+l) a =2% 2 +27J+l+2m 2 +4m»+2m; 
and their difference, 2m 2 +4mw+2m, is also divisible by m. An arithmetical series 
may therefore always be formed, which will give the required difference of the roots 
according to the distance of the pair of terms from the middle term. 

The general result therefore is, that if any 2 odd numbers be assumed, they will 
either have this relation to each other of the roots of the 4 square numbers into which 
they may be divided, or a third odd number may be found, which will connect them 
together by having that relation to each. 

If the 2 odd numbers be the result of an addition of the same even number to any 
2 terms of either of the two series, they will have this relation of the roots, and the dif¬ 
ference of the exterior roots will depend upon the distance of the 2 terms from each 
other; and conversely, if any 2 odd numbers have this relation of the roots, they are 
derived from 2 terms of the same series by the addition of the same even number to 
both; but if the 2 odd numbers have not this relation of their roots to each other, then 
a third odd n umb er may be found having that relation to each of them. 

Assume any 2 odd numbers as 13 and 105, deduct 12 from each of them so as to 
reduce the smaller to 1, and the other to 93, the next term in either series less than 98 
js 85, 85+8=93. Select that term in the series to which 85 belongs, which by the 
addition of 8 becomes a term in the other series, this is 25, 25+8=33, and S3 is the 
number which connects 1 with 93; for 

°1 and 8 33 

0,0,1,0 -4,0,1,4 


have the relation which appears from their roots, and 

7 33 and 1S 93 
-3,2,2,4 -6,2,2,7 

—2,0,2,5 —5,0,2,8 


have a «4milar relation in two ways; then add 12 to 1, to 33, and^to. 93, and 13, 45 and 
105 will have this relation among their roots: 



MDCCCUX 


+2,1,2, 2 „ 


8 45 7 45 

—2,1,2,6 -3,2,4,4 

- —4, 2,3, 4;,.._+2, 0^4,5 •; ■. 

: ® ' 
vX v ii V/'T Ic, v " f v " - 

'll * ~ e - ^ n, t \ ' * ' 


ia 105 
6,2,4,7 
■5,0,4,8 
• 4 ^ 2 , 2,9 
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It is obvious, that what is done with these numbers may be done with any other 
odd numbers, and it would be superfluous to give an algebraic proof. 

This relation of all odd numbers to each other has not (as far as I am aware) been 
remarked before ; but it has occurred to me that possibly it may form part of the 
“ mysteries of numbers” alluded to by Fermat in that remarkable passage in which his 
theorem of the polygonal numbers was announced in a note to an edition of Diophantus, 
published after his death, p. 180*. The mysterious properties of numbers referred to 
by Fermat must (of course) be connected with the theorem he was announcing; indeed 
he expressly refers to them as the source of his demonstration. 

Postscript. —May 20, 1858. 

Since this paper was sent to the Society, some other theorems of a similar kind have 
occurred to me, in which the terms of a series (not arithmetical of the 1st order) have 
a similar relation with regard to the roots of the 4 squares into which they may be 
divided, tha t is, those which are equidistant from the middle (if the number of terms be 
even), or from the middle term (if the number of terms be odd), have the middle roots 
the same, and the exterior roots have an arithmetical relation to each other, varying with 
the distance from the centre, viz. the one being less and the other greater by the same 
quantity. 

Thus, if any number of terns (exceeding 3) of either of the 2 series above-mentioned, 
viz. 1, 3, 9,19, &c. (2m*+1), or 1, 5, 13, 25, &c. (2n*+2n+l), and, beginning with 
the 1st term, the successive differences of the terms be added “ inverso or dine" a new 
series will be obtained possessing the property in question; thus the first seven terms 
of the 1st series are *1, a 3, 4 9, *19, 8 33, “61, ,s 73; the differences are 2, 6,10,14, 18, 
22; if the differences be added “ inverso ordme,” beg innin g with 22 instead of 2, the 
series becomes 1,23, 41,55,65, 71, 73, each term of which may be divided into 4 squares, 
whose roots will be as follows 

°1 a 23 4 41 6 55 8 65 l0 71 1S 73 

0,0,1,6 4-1,2,3,3 0,3,4,4 -3,1,6,3 -2,3,4,6 -3,2,3,7 6,0,1,6 
+2,0,1,6 -1,2,5,5 0,0,1,8 

■ •' . + 1 , 1 , 2,7 

Here obviously the result is as stated above; 55 is the middle term; the terms equidistant 
from it have the. same middle roots, land the difference between the other roots increases 
according to the ^stance from the middle term being 2, 4, 6. If 8 terms be so treated, 
there is no middle term; *5® result is similar,t>ut the successive differences are 1,3,5, 7. 

The other series, 1, 5,13, 25, &c., gives a similar result. 

The reason of these results is that the equidistant terms are always equal to the ori¬ 
ginal corresponding term in the series, increased By the same number,* thus, 

‘V; *:[{■' j* asu|33+32respectively.' - * : 

des Nomires, 1st edit. p. 187. 
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There are certain numbers, which, added to the terms of the series in its ordinary 
state, convert it into a series whose differences have been added “memo ordine." 

If the number of terms be 3, add 0 4 0 


If 4, add. 0 8 8 0 

If 5, add. 0 12 16 12 0 

If 6, add. 0 16 24 24 16 0 

If 7, add. 0 20 32 36 32 20 0 

If 8, add. 0 24 40 48 48 40 24 0 

&c. &c. 


The law of the formation of these numbers is obvious. 

These numbers apply to both series, and to any consecutive terms in either; that is, 
[e. g.] 0,12,16,12, 0, added to any 5 consecutive terms of either series, converts them 
into 5 terms whose differences have been added “ inverso ordine ; ” and what is still more 
remarkable, the middle roots of the first eight (or indeed n) terms having their differ¬ 
ences added “ iwoerso ordine ,” are the middle roots which answer for any eight [or »] 
consecutive terms, whose differences have been added “mem ordine ” through the 
unlimited extent of the whole series. Thus if the first 8 terms be formed with the 
differences added “ inverso ordine ," 

1 5 13 25 41 61 85 113 

add 0 24 40 1 48 48 40 24 0 

il s 2 9 5 53 *73 9 89 u 101 13 109 1S 113 

0,0,0,1 0,2,4,3 -2,2,6,3 -1,0,6,6 -2,0,6,7 -5,2,6,6 -5,2,4,8 -7,0,0,8 
+2,0,0,5 -1,0,6,4 +1,2,2,8 0,2,2,9 -4,0,6,7 -3,0,0,10 

+1,0,4,6 -2,0,4,9 

+ 2 , 0 , 0,7 - 1 , 0 , 0,10 

the indices and the roots of the squares will be as above. 

Now take the 8 consecutive terms, beginning with 181:— 

181 221 265 313 365 421 481 545 

add 0 24 40 48 48 40 24 0 



»181 31 245 38 305 a5 361 37 413 39 461 3 *505 

0,0,10 -9,2,4,12 -11,2,6,12 -10,0,6,15 -11,0,6,16 -14,2,6,15 -14,2,4,17 - 
-7,0,0,14 -10,0,6,13 - 8,2,2,17 - 9,2,2,18 -18,0,6,16 -12,0,0,19 


33 545 

16,0,0,11 


- 8,0,4,15 -11,0,4,18 

- 7,0,0,16 —10,0,0,19 


the middle roots are the same for both. ’ ! 

These last matters add weight to the suggestion already made, that the properties of j 

numbers referred to are connected with the “mysterious and.abstruse ’ properties, 
alluded to by;' fora**, a» enahlihg him tp ^rove the theorem'he announced pf the J 

polygonal i 1 *'• 
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IV. A Sixth Memoir wpon Quantize. By Author Cayley, Esq., F.R.S. 

Beceived November 18,1858,—Read January 6,1859. 

I propose in the present memoir to consider the geometrical theory: I have alluded to 
this part of the subject in the articles Nos. 3 and 4 of the Introductory Memoir. The 
present memoir relates to the geometry of one dimension and the geometry of two 
dimensions, corresponding respectively to the analytical theories of binary and ternary 
quantics. But the theory of binary quantics is considered for its own sake; the geometry 
of one dimension is so immediate an interpretation of the theory of binary quantics, that 
for its own sake there is no necessity to consider it at all; it is considered with a view 
to the geometry of two dimensions. A chief object of the present memoir is the esta¬ 
blishment, upon purely descriptive principles, of the notion of distance. I had intended 
in this introductory paragraph to give an outline of the theory, but I find that in order 
to be intelligible it would be necessary for me to repeat a great part of the contents of 
the memoir in relation to this subject, and I therefore abstain from entering upon it. 
The paragraphs of the memoir are numbered consecutively with those of my former 
Memoirs on Quantics. 

147. It will be seen that in the present memoir, the geometry of one dimension is 
treated of as a geometry of points in a line, and the geometry of two dimensions as a 
geometry of points and lines in a plane. It is, however, to be throughout home in 
mind, that, in accordance with the remarks No. 4 of the Introductory Memoir, the terms 
employed are not (unless this is done expressly or by the context) restricted to their 
ordinary significations. In using the geometry of one dimension in reference to geometiy 
of two dimensions considered as a geometry of points and lines in a plane, it is necessary 
to co nsider ,'—1°, that the word point may mean point and the word line mean line; 
2°, that the word point may mean line and the word line mean point It is, I say, 
necessary to do this, for in such geometry of two dimensions we have systems of points 
in a Ting an d of lines through a point, and each of these systems is in fact a system 
belonging to, and which can by such extended signification of the terms be included in, 
the geometry of one dimension. And precisely because we can by such extendon com¬ 
prise the - correlative theorems under a common enunciation, it is not in, the geometry of 
pne dimendon necessary to enunciate them separately; it may be and very frequently is 
necessary and proper in the geometry of two dimensions, where we are concerned with 
Systems of eaidi • kind, to enunciate such correlative theorems separately. It may, by 
iway- bf be remarked, that in. psirig thegebmetryuf one dimension 

in. reference to ge^netiy of tharee <kmpimone eo^^ of P 0 ^ 
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and planes in space, it would be necessary to consider,—1°, that the words point and 
line may mean respectively point and line; 2°, that the word line may mem point in 
a plane*, and the word point mean line, viz. the expression points in a line mean lines 
through a point and in a plane; 3rd, that the word line may mean line and the word 
point mean pla/ne , viz. the expression points in a line mean planes through a line. And 
so in using the geometry of two dimensions in reference to geometry of three dimensions 
considered as a geometry of points, lines, and planes in space, it would be necessary to 
consider,—1°, that the words point, line, and plane may mean respectively point, line , 
and plane) 2°, that the words point, line, and plane may mean respectively plane, line, 
and point. But I am not in the present memoir concerned with geometry of three 
dimensions. The thing to be attended to is, that in virtue of the extension of the signi¬ 
fication of the terms, in treating the geometry of one dimension as a geometry of points 
in a line, and the geometry of two dimensions as a geometry of points and lines in a 
plane, we do in reality treat these geometries respectively in an absolutely general 
mann er. In particular—and I notice the case because I shall have occasion again to 
refer to it—we do in the geometry of two dimensions include spherical geometry; the 
words plane, point, and line, meaning for this purpose, spherical surface, arc (of a great 
circle) and point (that is, pair of opposite points) of the spherical surface. And in like 
manner the geometry of one dimension includes the cases of points on an arc, and of 
arcs through a point 

148. I repeat also a remark which is in effect made in the same No. 4; the coordinates 
x, y of the geometry of one dimension, and. the coordinates x, y, z and l, v, £ of the 
geometry of two dimensions are only determinate to a common factor prte (that is, it is 
the ratios only of the coordinates, and not their absolute magnitudes, which are 
determinate); hence in saying that the coordinates x, y are equal to a , b, or in writing 
a?, ^=o, 5, we mean only that x'.y—a: b, and we never as a result obtain x, y—a, b, but 
only x: y—a : b. And the like with respect to the coordinates x, y, z and %, % (In 
the geometry of two dimensions, x, y~a, b, is for this reason considered and spoken of 
ag a angl e equation.) But when this is once understood, there is no objection to treat¬ 
ing the coordinates as if they were completely determinate. 

.,; 1 ' ;' - i : • . Oh Geometry of One Dimension, Nos. 149 to 168. 

'* 149;In geometry of one dimensicaiwe.have the line as a space or locus in guo, which 
is consadered $he severalpoints of Hie line are determined by 

the coordinates (x, y),’ viz. attributing to these any specific values, or writing x, y^a, b, 
we have a particular point of the line. Arid; we may say also that the line is the locus 
mfwoiihe coordinates (x, y). • r 

. . * Wotpgre accurate tosaythat the word line may mean jxmt4n-m&$oith*a plane, viz. the hevs 

• jouri and in the plane, Addiri, .June 16,1859.—A, C, *.*• ,v. J 
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150. A linear equation, 

(*X«> 2/)‘=°> 

is obviously equivalent to an equation of the before-mentioned form x, y—a> b, and 
represents therefore a point. An equation such as 

(*X*> y) m =0 

br eaks up into m linear equations, and represents therefore a system of m points, or 
point-system of the order m. The component points of the system, or the linear- 
factors, or the values thereby given for the coordinates, are termed roots. When 
1 we have of course a single point, when n— 2 we have a quadnc or point-pair, 
when m— 3 a cubic or point-triplet, and so on. The point-system is the only figure or 
locus occurrin g in the geometry of one dimension. The quantic (*X&> y) m > when it is 
convenient to do so, may be represented by a single letter U, and we then have U=0 
for the equation of the point-system. 

151. The equation * 

(*x*> y) m =° 

may have two or more of its roots equal to each other, or generally there may exist any 
systems of equalities between the roots of the equation, or what is the same thing, the 
system may comprise two or more coincident points, or any systems of coincident points. 
In particular, when the discriminant vanishes the equation will have a pair of equal 
roots, or the system will comprise a pair of coincident points ; in the case of the quadric 
(a, b, y) 2 =0, the condition is ae—5 2 =0, or as it may be written, a,b=b,c; in 
the case of the cubic 

(a, b, c, f)~0, 

the condition is 

cfd?—■ 6 abed ++ Wd —35V=0. 

The preceding is the only special case for a quadric: for a cubic we have besides the 
special case where the three roots are equal, or the cubic reduces itself to three coin¬ 
cident points; the conditions for this are 

ac—~l?—0, ad—boss 0, bd—<f—Q, 


equivalent to the two conditions 

a:b—b:c=ifl:d. ; 


For equations of a higher order the analytical question is considered, and as regards the 
quartic and the quintic respectively completely solved, in my “ Memoir on the Conditions 
for the Exis tence of given Systems of Equalities between the Roots of an Equation*.” . 
152. Any covariant of the equation 

\ '• «>,y) TO =0, - ' \' ' 


equated to-" zero, gives -rise to a point-system connected in a definite manner with the 
original point-system. And as regards the invariants, the evanescence of any invariant 
impliAg a certain relation .between the points of the system ; :the identical evanescence of 
any. covenant that the derived 
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point-system obtained by equating the covariant to zero is absolutely indeterminate. 
The like r em arks apply to the covariants or invariants of two or more equations, and the 
point-systems represented thereby. 

153. In particular, for the two point-pairs represented by the quadric equations 

{a,b,cX^yf~^ 

O', V, djx, y) s =°> 

if the lineo-linear invariant vanishes, that is, if 

ad—2bd-\-cal— 0, 

we have the har monic relation,—the two point-pairs are said to be harmonically related 
to each other, or the two points of the one pair are said to be harmonics with respect to 
the two points of the other pair. The analytical theory is folly developed in the “ Fifth 
Memoir upon Qnantics*.” The chief results, stated under a geometrical form, axe as 
follows:— 

1°. If either of the pairs and one point of the other pair are given, the remaining 
point of such other pair can be found. 

2°. A point-pair can be found harmonically related to any two given point-pairs. 

154. The last of the two theorems gives rise to the theory of involution. The two 
given point-pairs, viewed in relation to the harmonic pair, are said to be an involution 
of four points; and the points of the harmonic pair are said to be the (double or) sibi- 
conjugate points of the involution. A system of three or more pairs, such that the 
third and every subsequent pair are each of them harmonically related to the sibi- 
conjugate points of the first and second pairs, is said to be a system in involution. In 
particular, for three pairs we have what is termed an involution of six points ; and it is 
dear that when two pairs and a point of the third pair are given, the remaining point of 
the third pair can be determined. And in like manner for a greater number of pairs, 
when two pairs and a point of each of the other pairs are given, the remaining point of 
each of the other pairs can be determined. Two points of the same pair are said to be 
conjugate to each other; or if we consider two pairs as given, then the points of the 
.third or any subsequent pair are said to be conjugate to each other in respect to the 
given pairs. This explains the expression sibiconjugate points; in fact, the two pairs 
being given, either sibiconjugate point is, as the name imports, conjugate to itself. In 
other words, any two parts and one of. the sibiconjugate points considered as a pair of 
coincidentpoints, form a system in involution, or involution of five points. 

155. The three, pqnitrpairs, TT—Qi .IF=kO, ,bd in involution when the 

quadrics U, TJ ? , U" are connectedby Ihe linear rdatfonor syzygy aTF+aTJ'4-^TJ":=0. 
i ; This property, btthe relation'.; , ■*»; V’)';-V*' -;;r. ■ J . ' •' *, 

5 zzO■ 

A v- 

: “ d' 

-teadySHL' (1858), pp. 428Mi€8., 
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to which, it gives rise, might have been very properly adopted as the definition ot the 
relation of involution, but I have on the whole preferred to deduce the theory of involu¬ 
tion from the harmonic relation. The notion, however, of the linear relation or syzygy 
of three or more point-systems gives rise to a much more general theory of involution, 
but this is a subject that I do not now enter upon; it may, however, be noticed, that if 
U=0, U'=0 be any two point-systems of the same order, then we may find a point- 
system U"=0 of the same order, in involution with the given point-systems (that is, 
satisfying the condition XU+X'U'+X"U"=0), and such that the point-system U"=0 
comprises a pair of coincident points; this is obviously an extension of the notion of the 
sibiconjugate points of an ordinary involution. 

156. It was remarked in the Fifth Memoir, that the theories of the anharmonic ratio 
and of homography belong analytically to the subject of bipartite (lineo-linear) binary 
quantics; this may be further illustrated geometrically as follows: we may imagine two 
distinct spaces of one dimension or lines, one of them the locus in quo of the coordinates 
(x, y), and the other the locus in quo of the coordinates (x, y), which are absolutely inde¬ 
pendent of, and are not in anywise related to, the coordinates of the first-mentioned 
system. There is no difficulty in the conception of this; for we may in a plane or in space of 
three dimensions imagine any two lines, and study the relations of analogy between the 
points of the one line inter se, and the points of the other line inter se, without in any¬ 
wise adverting to the space of two or three dimensions which happens to be the common 
locus in quo of the two lines. It is proper to remark, that in speaking of the spaces of 
one dimension, which are the loci in quibus of the coordinates (x, y) and (x, y) respect¬ 
ively, as being each of them a line, we imply a restriction which is altogether unneces¬ 
sary; the words line and point may, in regard to the two figures respectively, be used in 
different significations; for instance, one of the spaces may be a line and the points in 
it points; while the other of the spaces may be a point and the points in it lines, or it 
may be a line and the points in it planes. 

157. A lineo-linear equation, 

(#—«y)(x—ay)=0, 

denotes then the two points [x,y—a, 1) and (x, y=«, 1) existing irrespectively of each 
other in distinct spaces, and only by the equation itself brought into an ideal connexion; 
and any invariantive relation between the coefficients of any such bipartite fimctions 
denotes geometrically a relation between a point-system in the space which is the locus 
in quo of the coordinates (x, y), and a point-system in the space which is the locus in quo 
of the coordinates (x, y); for instance, the equation 

1, a , «, act =0 

1, h ft f 
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is the relation of homography between the four points (a, 1 ), (b, 1 ), (c, 1 ), (d, 1 ) in the 
first line, and the four points («, 1), (ft, 1), (y, 1), (i, 1) hi the second line. The analy¬ 
tical theory is discussed in the Fifth Memoir; and, in particular, it is there shown, that 

™ tmg A=(i-«XJ-«), a=(8-«X/3-A 

B=(<J-i)(«-s), S=(S-(B Xr-«). 

C=(d—c)(a—b), C=(&—y)(«—13), 
then the condition may be expressed under any one of the forms 

A:B:C = Sl:3S:C, 


equations which denote the equality of the anharmonic ratios of the two point-systems. 

158. The number of points in each system may be four, or any greater number; the 
homographic relation is then conveniently expressed under the form 


1 , 

1 , 

1 , 

1 , 

1 , 

a , 

b , 

c , 

d. 

e, 

a , 

f 3 , 

7 > 

* > 

« , 

aa. 

b/3, 

cy, 


es, 


The relation is such that given three points of the one system and the corresponding 
three points of the other system, then to any fourth point whatever of the first system 
there can be found a corresponding fourth point of the second system. It is to be 
observed, however, that two systems of four points homographically related to each 
other, always correspond together in four different ways, viz. the two systems being 
(a, b, c, d) and (a, ft, y, X); then if the four points of the first system are (a, l, c, d), the 
correspon ding , four points of the second system may be taken in the four several orders, 
(«, ft, y, 5), (/ 3 , a, h, y), (y, 5, a, /3), (S, y, ft, a). 

159. What precedes is not to be understood as precluding the existence of a relation 
between the spaces which are the loci in qwitus of the coordinates (x,y) and (x, y) respect¬ 
ively : not only may these be spaces of the same kind, but they may be one and the same 
, space or line; and the points of the two systems may then be points of the same kind; 
and further, the coordinates (oc, y) and (x, y) may belong to the same system of coordi¬ 
nates, that Is, the equations (r, 1) and (x, y—a, 1) may denote one and the same 

point. r . ' ■- ' ■- 

;iB 0 v i#^^^Mtreyste)pia^e,systems orthe same kind, apd are in one and the 
• prnft linn, then there are ih general two J points of the! first system which coincide each 
. !of themwidth the cop^^onding point!of the second system; such two points may be 
said to be tire sibiconjugate points of the homography. ; In particular, the two sibicon- 
jugatoppints of thehomogtaphymaycoincidetogether, ' 

\ , 101 . i. sptem in involution affords an esainple of two homographic systems in the 
aamft lina ; hr ft?t, taking arbitrarily a point out of each pair, the points so obtained 
’is homo^uphic with the system formed with the other' points! of 
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the several pairs; and in this case the sibiconjugate points of the involution are also the 
sibiconjugate points of the homography. Thus if A and A', B and B', C and C', D and 
D' are pairs of the system in involution, then (A, B, C, D) and (A', B', C', D') will be 
homographic point-systems; and, as a particular case, (A, B, C, C') and (A', B', C', C) 
will be homographic point-systems. It is proper to notice that if F is a sibiconjugate 
point of the involution, then (A, B, F, F) and (A 1 , B', F, F) are not (what at first sight 
they appear to be) homographic point-systems. 

162. I mag ine an involution of points; take on the line which is the locus in quo of 
the point-system a point O, and consider the point-system formed by the harmonics of 
O in respect to the several pairs of the involution; and in like manner take on the line 
any other point O', and consider the point-system formed by the harmonics of O' in 
respect to the several pairs of the involution; these two point-systems are homogra- 
phically related to each other.-—See Fifth Memoir, No. 111. 

163. Two involutions may be homographically related to each other; in fact, take on 
the line which is the locus in quo of the first involution a point 0, and consider the point- 
system formed by the harmonics of O in relation to the several pairs of the involution; 
take in like manner on the line which is the locus in quo of the second involution a point 
Q, and consider the point-system formed by the harmonics of Q with respect to the 
several pairs of the involution; then if the two point-systems are homographically 
related, the two involutions are said to be themselves homographically related: the last 
preceding article shows that the nature of the relation does not in anywise depend on 
the choice of the points O and Q. And it is not necessary that, as regards the two 
involutions respectively, the words line and point should have the same significations.— 


See Fifth Memoir, No. 111. 

164. Four or more tetrads of points in a line may be homographically related to the 
garrift number of tetrads in another line. This is the case when the anharmonic ratios 
of the tetrads of the first system are homographically related to the anharmonic ratios 
of the tetrads of the second system. And it is not material.which of the three anhar¬ 
monic ratios of a tetrad of either system is selected, provided that the same selection is 
made for each of the other tetrads of the same system. The order of the points of a 
tetrad must be attended to, but there are in all four admissible permutations of the 
points of a tetrad, viz. if A, B, 0, D are the points of a tetrad, then (A, B, C, D), 
(B, A, D, C), {C, D, A, B), (D, C, B, A) may. be considered as one and the same tetrad. 
Any three tetrads whatever in the second system may correspond to any three tetrads 
of the first system; and then given a fourth tetrad of the first system, and three out of 
the four points of the corresponding tetrad of the second system, the rema in in g point of 
the teirad may be determined. The words line and point-need motjasregards the two 
systems of tetrads respectively, be understood in the same significations.—See Fifth 
Memoir, No. 112. : ; ■ ' ' * • */■'’ ■ \ 5 \,’ 

, 166. The foregoing theory of the harmonic relation shows that if we have a point-pair 


, j ’ \ V'-^ ' „y t ' 41 v *’ -1 ■ 
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the equation of any other point-pair whatever can be expressed, and that in two different 
ways, in the form 

(M,cXa^) 9 +(to+my) s =0; 


the points (lx+my= 0) corresponding to the two admissible values of the linear func¬ 
tion being in fact the harmonics of the point-pair in respect to the given point-pair 
(a-, b, c£x, y) a =0, or what is the same thing, the sibiconjugate points of the involution 
formed by the two point-pairs (see Fifth Memoir, No. 105). The point-pair represented 
by the equation in question does not in itself stand in any peculiar relation to the given 
point pair ( a , b, cjx, y) a =0; but when thus represented it is said to be inscribed in the 
given point-pair, and the point lx-{-my=0 is said to be the axis of inscription. And the 
harmonic of this point with respect to the given point-pair (that is, the other sibiconjugate 
point of the involution of the two point-pairs) is said to be the centre of inscription*. 

166. We may, if we please, (af, y 1 ) and 6 being constants, exhibit the equation of the 
inscribed point-pair in the form 

(a, b , cXx, y)\a ,, b, cjrf, yj sin a ^-(ac-J 2 )(^'-^) a =0, 
where we have for the axis of inscription and centre of inscription respectively, the 
equations 

xy'—tfy =0, 

(a, b, cjx, gX** y')= Q - 

Or in the equivalent form, 

(a, b, cjx,y)\a, b , cjtf, yj cos a 6— {(a, b , oJa:, yjtf, y')Y—Q, 
where we have for the axis of inscription and the centre of inscription respectively, the 
equations 

(a, b, cj_x, yX®', 


' \ v ^ 

thenthe equation 


xy'—x'y =0. 

167* The equivalence of the two forms depends on the identical equation 
(a, b, cg>, y)*(a, b , ejV, yj— {(a, b, cjx, yX^> y')} 3 = (ac—5 a )(ry 
which is in feet the equation mentioned, Fifth Memoir, No. 95. If, for shortness, we write 
. , (a, b, cjw, y) a =00, 

(tf,^^,yX^,y)=01=10, 

&c., 

ed in the form 
00, 01 ==(ac--5 s ) x, y 
10 , 11 

T-168.; There is a like equation for the three sets (%, y), (a/, y'), (#", i /'); the right-hand 
side; here vanishes, for there are not columns enough to form therewith a determinant, 

»’ * TEe Vords iiiscaibed,;inscription, are used not in opposition to, but' as identical with, tEe words cir- 
cuiasbtfbesd, 5 an&in like-manner If os. 203 et seq) as regards cbnictr. ' V ’' 
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and the equation is 

00 5 01, 02 s=0, 

10 , 11 , 12 
20 , 21 , 22 

an equation which may also be written in the form 

01 , 12 02 
cos Voov 7 TT +cos TfTTH - 008 vWVE' 

as it is easy to verify by reducing this equation to an algebraical form. The various 
formulae have been given in relation to the establishment of the notion of distance in 
the geometry of one dimension, but it will be convenient to defer the consideration of 
this theory so as to discuss it in connexion with geometry of two dimensions, 


On Geometry of Two Dimensions , Nos. 169 to 208. 

169. In geometry of two dimensions we have the plane as a space or locus in quo, 

which is considered under two distinct aspects, viz. as made up of points, and as made up 
of lines. The several points of the plane are determined by means of the point-coordinates 
(x,y, z), viz. attributing to these any specific values, or writing x, y, z—a, b , c, we have a 
particular point of the plane; and in like manner the several lines of the plane are 
determined by the line-coordinates (g, jj, £), viz. attributing to these any specific values, 
or wri ting g, y, £—&, (3, y, we have a particular line of the plane. And we may say that 
the plane is the locus in quo of the point-coordinates (x, y, z), and of the line-coordinates 
(& *l-> £)• ^ is not necessary to consider separately the analytical theories of point-coor¬ 

dinates and of line-coordinates; for the theory of the former in relation to points and 
lines respectively is identical with the theory of the latter in relation to lines and points 
respectively; but it is necessary to show how either system of coordinates, say the system 
of po in t-coordinates, is applicable to both points and lines, or in fact all loci whatever, 
and to explain the mutual relation of the two systems of coordinates. 

170. Considering then point-coordinates, the equations 

x,y,zt=za,b,c, 


determine, as already mentioned, a point. 
- A linear equation, 


deter mines a line, viz. the line which is the locus of all the points, the coordinates of 
which satisfy this equation. And in like manner an equation 

■' - , ' (* 3 >, y , z ) m —0 \ ' 

determines a curve of the with order, viz. the curve which is the locus of all the points, 
the coor din ates of which satisfy this equation. In particiilar, an equation of the second 


degree, : ' 

' J ’ 1 , ' ’ ■* 

determines a conic. ■ ’ 

MDCCCUX. 
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171. If the quantic breaks up into rational factors, then the equation of the curve is 
satisfied by equating to zero any one of these factors, or the curve breaks up into curves 
of a lower order, and the order of the entire curve is equal to the sum of the orders of 
the component curves. In particular, a curve of any order may break up into a system 
of lines, the number of lines being of course equal to the order of the curve, and any 
two or more of these lines may coincide with each other. • A curve not thus breaking 
up into curves of a lower order is said to be a proper curve. 

172. Retur ning to the linear equation and expressing the coefficients, the equation is 

(g,j?,Q>,y,z)=0, 

or, what is the same thing, 

and we say as a definition, that the coordinates (line-coordinates) of this line are (g, q, ^). 

173. But the same equation, considering (#, y, z) as constant coefficients, and (g, q, £) 
as line-coor dina tes, is the equation of a point, viz. the point which is the locus (envelope) 
of all those points the coordinates of which satisfy the equation in question; and such 
point is precisely the point, the coordinates (point-coordinates) of which are (#, y, z). 
In fact, if (g, q, £) are considered as variable parameters connected by the equation 
&+qy + fy = 0, then taking (X, Y, Z) as current point-coordinates, the equation 
§X-t-jjY+£Z=0 is satisfied by writing (%, y, z) for (X, Y, Z); or the several lines the 
coordinates whereof are (g, q, £), all pass through the point (#, y, z). 

174. Hence recapitulating, the equation 

or 

co nsidering ($, y, z) as current point-coordinates, and (g, q, £) as constant coefficients, is 
the equation of a line the coordinates (line-coordinates) of which are (g, q, £); and the 
same equation, considering (g, q, £) as current line-coordinates, and (%, y, z) as constant 
coefficients, is the equation of a point the coordinates (point-coordinates) of which are 

175. The expression, the point (a, i, c), means the point whose point-coordinates are 

(o, fy c); and in like manner the expression, the line («, /3, y), means the line whose 
Ih^e-axndinates axe («, J3, y). The last-mentioned expression may, without any impro¬ 
priety dr risk of ambiguity, be employed when we are dealing with point-coordinates; 
.but it is ’^ ootfcreife aBob^ better, to substitute for the defi¬ 

nition the thing signified, and say the Imp having for its equation a#+i%+yz=0, or 
more briefly, the line «#+(% ; 1 It will be proper to do this in the following 

articles, Nos. 176 to 184, which contain some formulae in point-coordinates relating to 
the theory of the point and the line. 

. itfii The condition that the point (a, b, c) may lie in the line 

; V: . ux+l3y+yz=0 t , .. 
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is of course 

«a-j-(35+yc=0. 

177. The equation of the line passing through the points (a, b, c ), (a 1 , b\ d), is 


X, 

y> 

Z 

a, 

b , 

c 


V, 

d 


and if in this equation (a', V , d) are considered as indeterminate, we have the equation 
of a line subjected to the single condition of passing through the point (a, b, c). The 
equation contains apparently two arbitrary parameters, but these in fact reduce them* 
selves to a single one. 

178. The coordinates of the point of intersection of the lines 

ax -f/3 y +yz =0, 

are given by the equations 

x, y, z—fiy’—fty, yd—y’a, a(S'—u !($; 

and if in these equations we consider a', A', </ as indeterminate, we have the coordinates 
of a point subjected to the single condition of lying in the line ux-\-(3y-{-yz=Q ; the 
result, as in the last case, contains in appearance two arbitrary parameters, but these 
really reduce themselves to a single one. 

179. The condition in order that the points (a, b, c), ( a !, V, d), (a", b ", c") may lie in 
a line is 

a , b , =0, 

a!, b', d 
a 1 ", V, d'\ 

which may also be expressed by the equations 

a", d', d'=la-{-fm', Kb+pd, \c+y>d, 

where X, p are arbitrary multipliers ; these equations give therefore the coordinates of 
an indeterminate point in the line joining the points (a, b, o) and (a!, V, d). 

180. The condition that the lines 

ax +/% +yz = 0 , , . . 


may meet in a point is 


a?’s+p"&+y"z =P 

«t. A* X 

«V AV t 
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a relation which may also be expressed by the equations 

a", (3", y"=lu+mu!, Ift+mfi', ly+my 1 , 

where- l, m are arbitrary multipliers; and substituting these values in the equation 
_|_/3"y=0, we have for the equation of a line subjected to the single condition of 
p assing through the point of intersection of the lines /3y+y«=0, a'#+/3'y+/z=0, 
the equation 

l( ax-\- (3y-f yz)+m(a!x+P'y-\- y'z) = 0, 

which is, in fact, at once obtained by the consideration that the values of (x, y, z) which 
satisfy simultaneously the equations ctx-{-(3y-\-yz=0 and a , aH-/3'y+y , z==0, satisfy also 
the equation in question. 

181. The equation of the line passing through the point of intersection of the lines 
ax-\-(3y+yz=0 and a!x-\-p'y-}-y r z=0, and also through the point (a, b, o), is obviously 


ux+Py+yz, 

oca+fib+yc, 


which, or the equivalent form 


a'x+fi'y+y'z 

a'a+fi'b+y'c 



ux+@y + yz __ a!x +@y + y'z 
ota+pb+yc a!a+@b + y*c ’ 


is us ually the most convenient one; but it is to be observed that the equation can also be 
written in the forms 

x , y , z =0, 

Cl , by c 


(iy l —(i'y, yct'—y'u, up'—cc'p 

and 

bz—cy, cx—azy ay—bx =0, 
a (3 , y 

a 1 (&' , *■' 

or in the form 

-qy)+(yes'— y l a,)(cx—az)-{-(aP' — (3u')(ay-‘bx) =0, 
which might also be represented by 

«, p, y x, y, z =0. 

«?,, |3f» V a, &, o 

182. To find the coordinates of the! point of intersection of the line joining the points 
(a, by c)y (eiy &y dj, with the line have . 

Xy y, z— Kb-^-fj/ffy "Kc-\-yid , 

where A, are given by 

. 1 ?>.(aa -f-/3S -f-yc) -f - ^ ( <zd -f- (3b 1 -f- yd )~0. 

The preceding are elementary formulae of almost constant occurrence; it may be proper 
to a4d.tb-^ follow. 
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183. To find the equation of the line passing through the point of intersection of the 
lines 

«i^+|3^+yi2!=0, ovr+fty+ya^O, 
and the point of intersection of the lines 

a s a;+^+y s z=0, «4#+/3$4-y*3=0. 

Write for shortness u l —u l x+ (3^+yi^ &c.; then we have identically 


«I, 

«n 


u 4 

«i, 

*2, 

“s, 

*4 

ft, 

ft, 

ft, 

ft 

y» 


y 8 , 

y4 


and the two equations 



u x , 

w s , 



= 0 , 





«3, 

^4 

=0 




a a , 

«s, 

«4 




a„ 

« 2 , 

«3, 

“4 




ft, 

ft, 

ft, 

ft 




ft, 

ft, 

ft-. 

ft 




y» 

y 2 , 

y., 

74 




7i, 

7s, 

78, 

74 



are consequently equivalent to each other, and each of 

them represents the 

required line 

It is easy to deduce 

the form 











X #15 

a, 




ft, 

ft, 

• 

+* 

7i, 

73, 


= 0 . 



^35 

«4 


«i, 

“s, 

cc : 



«i» 

a s , 

a 8 ' 


ft. 

ft, 

ft, 

ft 


• , 

• , 

ft, 

ft 


ft, 

ft, 

ft, 

ft 

y» 

7« 

7s, 

74 


7i, 

y» 

7s, 

74 




7s, 

7* 


184. The condition in order that the points of intersection of the lines w,—0, % 0, 
of the lines » s =0, w 4 =0, and of the lines « 5 =0, ««= 0 (where, as before, «, denotes 
a^+P^+y^, &c.) may lie in the same line, is 



«s, 

«s, 

“4, 

* J 

• 

ft, 

ft, 

ft, 

ft, 

* » 

• 

7i, 

7a, 

7* 

7« 

* 9 

• ^ 

• » 

• 5 

, «S5 

a 4, 

«S> 

#<S 

• 5 

■J 

ft, 

ft, 

ft, 

ft 

• 5 

* 9 

7s, 

74,- 

7s, 

y« 


which is of course really symmetrical with respect to the six sets. The last formula 
was-given by me, ‘Cambridge Mathematical Journal, t. iv. p. 18 (1849). 

185. Instead of the term point of a curve, it will be convenient to use the term 
‘meufit’cl the curve, . , 

The lime though two consecutive ineunts of the curve is the tangent at the ineunt. 
Thepoiht ^ f.onRecutiv& tangents is the ineunt oh the tangent. . 
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The equation of a curve in point-coordinates, or as it may be termed the point-equa¬ 
tion of the curve, is the relation which exists between the point-coordinates of any 
ineunt of the curve. 

The equation of a curve in line-coordinates, or line-equation of the curve, is the rela¬ 
tion which exists between the line-coordinates of any tangent of the curve. 

186. It has been mentioned, that the order of a curve is the degree of its point-equa¬ 
tion : in like manner the class of a curve is the degree of its line-equation; and in the 
game way that a curve, as represented by a point-equation, may break up into curves 
bay ing the order of the entire curve for the sum of their orders, so a curve as repre¬ 
sented by a line -equation may break up into curves having the class of the entire curve 
for the sum of their classes. And, in particular, a curve may break up into a system of 
points, the number of points being equal to the class of the curve, and two or more of 
these points may coincide together. 

187. A line is a curve of the order one and class zero; a point is a curve of the order 
zero and nlay s one. A proper conic is a curve of the order two and class two; but when 
the conic br eaks up into a pair of lines, the class sinks to zero; and when the conic 
breaks up into a; pair of points, the order sinks to zero. It is to be noticed that a 
point, or system of points, cannot be represented by an equation in point-coordinates, 
nor a line or system of lines by an equation in line-coordinates. We may say, in general, 
that a curve is both a point-curve and a line-curve, but a point or system of points is a 
line-curve only, and a line or system of lines is a point-curve only. 

' 188. The points of intersection (common ineunts) of two curves are the points the 
coordinates of which satisfy simultaneously the point-equations of the two curves. 
Hence the number of common ineunts is equal to the product of the orders of the two 
curves; and, in particular if one of the curves be a line, the number of points of inter¬ 
section (common ineunts) is equal to the order of the curve. In like manner the 
common tangents of the two curves are the lines the coordinates of which satisfy simul¬ 
taneously the line-equations of the two curves. Hence the number of common tangents 
is equal to the product of the classes of the two curves; and, in particular, if one of the 
curves be a point, the number of common tangents (tangents to the curve through the 
Ppint) is equaL to the class of the curve. Since the tangent is the line through two 
eonsebutive ineunts, it besides meets the curve, assumed to be of the order m in (m— 2) 

,; pointsjandih Eke manner we may .from any ineunt of a curve of the class n draw (»—2) 

. tangents'^! "v’-':V ‘ : • ■’ 

189. The point-equation of a line passing thnqUghthe points (af,y l , d) and («", y", z") 
is, as already noticed, ^ - 

d, /, * 

yv V * - ■ , 

Suppose that (%y T ») are the coordinates of a point (ineunt), of the curve TfcO, the 
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coordinates of the consecutive ineunt will be (x+dx, y+dy, z+dz), and the line joining 
these two points will be the tangent to the curve at the point (x, y, z). Take (X, Y, Z) 
as current point-coordinates, the equation of the tangent is 

X , Y , Z |=0, 

# , y » * 

x+dx, y+dy, z+dz 

or what is the same thing, 

X(ydz—zdy)+Y(zdx—xdz)+Z(xdy—ydx)=. 0. 

But since U is a homogeneous function of (x, y, z), we have 

#B,U -fyBpU+zB e U=mU=0; 

and since (x+dx, y+dy, z+dz) is a point of the curve, we have 

drd.TJ +dyb y U +<Zzb a U=0; 
and from these two equations 

ydz—zdy : zdx—xdz: xdy—ydx—^TJ: d,U: 3;U, 


and the equation of the tangent consequently is 

XB.U -f-YdyU+Zb,U=0. 

190. Take (|, ij, £) as the line-coordinates of the tangent, then the equation of the 
tangent is 

gX+,Y-KZ=0; 


and comparing the two forms, we have 

and if from these equations and the equation U==0 (the point-equation of the curve) 
we eliminate (x, y, z), we obtain an equation between (g, jj, l), which is the line-equa¬ 
tion of the curve. We may, if we please, present the system under the form 

d,U+Xg=0, 

B,U4-x*?=0, 

■. b,u+xr=o, 

U= 0, 


or what is more simple, under the form 

B„U+M=0, 

B,U-H*=0, 

, y '\. b # u-hs=o, - t 

and from either system eliminate X,y, z and x. , ■ ; 
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191. If the point-equation of a conic be 

(a, b, c,f, g, y, 2 ) 2 = 0 , 

then its line-equation is 

fi , l 5 =U, 
l a, h, g 
*1 h, b, f 
l 9* /> c 

01 ^ %=le-f, 

$>=ca-g\ 

faz^ab—h 1 , 

f-gh-af, 

<&=hf—bg , 

%=fg-ch, 

and to complete the system, 

K=(i5c— ®f 2 ~ m bg l — ch?+2fgh, 
then the line-equation of the conic is 

z:) 3 =o- 

192. The quantities 31, &c. satisfy the relations 

^+^+ 4 ^= 0 , <&a+tfh+&g=0, 

^h+m+ff^ 6A+4f5+C/=0, 

%g+W+® c = 0 ’ i<M-2$/+4fc=0, %+#+Cc=K, 


and moreover 

Kffl=35C-4P, Kf 

. KJ=C3-(g s , K g=%f-m, 

- : .v^ m=tf<3-€& 

" 1 i \ ‘ ' p ^ 1 

/■ t9S. A' a^^m df pQiniB in a line is said to be a range, and a system of lines through 
a pointfesndta be a pehcrl. The theories of ranges and pencils, considered irrespect¬ 
ively of each other, are ia fact a single theory, constituting the geometry of one dimen¬ 
sion, It has been seen how in geometry of one, dimension a range of points and a pencil 
of lines, although considered (as they must be considered) as existing in distinct spaces, 
may nevertheless stand in certain relations to each other. In geometry of two dimen¬ 
sions, the range a™d pencil may of course coexist in one and the same plane as their 
common locus in guo; and, such coexistence occurs in fact very frequently; thus if we 
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have a linw and a point, and if lines are drawn joining the point with the several points 
of the these Tin as constitute a pencil, and the points of the line constitute a range, 
and such pencil and range are hoxnographically related. 

194. The theory of homography in geometry of two dimensions may be made to 
depend upon the corresponding theory in geometry of one dimension, or what is the 
aamft thing, upon the homography of ranges or pencils. For consider two figures exist¬ 
ing in distinct planes or spaces of two dimensions, any four points (not in a line) in the 
second figure may correspond to any four points (not in a line) in the first figure; and 
when this is so, we may, by the process about to be explained, given any other point of 
the first figure, construct the corresponding point of the second figure; and the two 
figures are then, by definition, homographically related. Suppose that the points 
A', B', C', D' of the second figure correspond respectively to the points A, B, C, D of 
the first figure, and let E be any other point of the first figure; suppose that E' is the 
corresponding point of the second figure ; the pencils AB, AC, AD, AE and A'B', A'C r , 
A'D', A'E' should be homographic to each other, that is, E' must lie on a given line 
through A'; and in like manner the pencils BA, BC, BD, BE and B'A', B'C', B'D', B'E' 
should be homographic to each other, that is, E' must lie on a given line through B'. 
And then, as a theorem, CA, CB, CD, CE and C'A', CD', C'JEl, or DA, DB, DC, DE 
and D'A', D'B', D'C', D'E' will be homographic pencils, that is, the construction will be 
a deter mina te one whichever two of the four points are selected for the points A and B. 
The foregoing construction leads to an analytical relation, which I think constitutes a 
better foundation of the theory. Consider the first plane as the locus in quo of the 
coordinates ( x , y, z), and the second plane as the locus in quo of the coordinates (X, Y, Z), 
these two coordinate systems being absolutely independent of each other. Consider any 
point of the first plane and a corresponding point of the second plane such that its 
coordinates (X, Y, Z) are given linear functions of the coQrdinates (x, y, z) of the point 
in the first plane. Any figure whatever in the first plane gives rise to a corresponding 
figure in the second plane, and the two figures are said to be homographic to each other. 
To a point of the first figure there corresponds in the second figure a point, to a line a 
line, to a range of points or pencil of lines, a homographic range of points or pencil of 
lines; the line or point which is the locus in quo of the range or pencil in the one figure 
corresponding with the line or point which is the locus in quo of the range or pencil in 
the other figure. And generally, to any curve of any order and class in the first figure, 
and to its ineunts and tangents, there correspond in the second figure a curve of the same 
order and class, and the ineunts and tangents of such curve. 

195. It is to be remarked, that it is not by any means necessary that the word or the 

words plane, point, and line, or consequently the words order and class, should have the 
same significations as regards the two figures respectively. The theory of homography, 
as above explained, in fact comprises what is commonly termed the theory of homo¬ 
graphy and also the theory of reciprocity. • ' s : -. 

196. ordin^. s^p^catfioii as regards the two figures 

MDCOCLIX. “' ; - ! ‘ : Vc -‘I ’’' : • 
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respectively; and Suppose, first, that the words point and line, and therefore order and 
filfljap, have also the ordinary significations as regards the two figures respectively: we 
have here the ordinary theory of homography, in which, to any range of points or 
pencil of lines in the first figure, there corresponds a homographic range of points or 
pencil of lines in the second figure, and to a curve of any order and class in the first 
figure there corresponds a curve of the same order and class in the second figure. 

197. We may, as a specialization giving rise to further developments, assume that the 
two figures exist in one and the same plane. There is here in general a triangle, each 
of whose angles or sides, considered as a point or line in the first figure, corresponds to 
itself, considered as a point or line in the second figure: such triangle may be called 
the sibiconj ug ate triangle. Any one point of the plane, considered as belonging to the 
first figure, may correspond to any. other point of the plane, considered as belonging to 
the second figure, and the second figure can be completely constructed by means of the 
sibiconjugate tr iang le and such pair of corresponding points. In certain special cases 
the sibiconjugate triangle becomes wholly or in part indeterminate; thus if the two 
figures are identical, each point of the plane, considered as belonging to the first figure, 
coincides with itself, considered as belonging to the second figure. But I reserve the 
further discussion of the theory of homography for another occasion. 

198. Suppose, secondly, that in the foregoing general theory, as regards the first 
figure, the words point and line, and therefore order and class, signify point and line, 
order and class; while as regards the second figure, the words point and line signify line 
and point respectively, and therefore the words order and class, class and order respect¬ 
ively. We have in the present case the ordinary theory of reciprocity, viz. using all the 
words in the same significations as regards the two figures respectively; to a point in 
the first figure there corresponds in the second figure a line; to a line, a point; to a 
range of points or pencil of lines, a pencil of lines or range of points; to a curve of any 
order and class, and its ineunts and tangents, a curve of the same class and order, and 
the tangents and ineunts of such curve. 

199. As a specialization giving rise to further developments, we may assume that the 
two fig ures exist in one and the same plane. In this case, the points which, considered 
indifferently as belonging to the first or the second figure, lie upon the corresponding 
lines in the second or first figure, generate a conic which may be termed the pole-conic; 
aadithe p^^lfi^^cbnmdered indifferently as belonging to the first or the second figure, 

• pahs' ' pi^birta in the second or first figure, envelope a conic 

which may be termed , the polaMJonic, and these ,two conics have double contact with 
another. The farther consideration of' this subject is. reserved- for another occasion; 
but I remark that in the par^ Where the two conics coincide, we have the 

. of poles afid pplars in i»gard to a conic ;, a theory, which, in a different 

^ - v be ^considered as arising ofit of the harmonic relation, and which 

, mustherehenoticed. ' _ , 

/< 2fi0. Goi^der a conic and a point; any line through the point meets the conic in two 
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points (ineunts of the conic), and the harmonic in relation to these two points of the 
given point has for its locus a line which is the polar of the given point. The polar 
passes through the points of contact of the conic with the tangents through the given 
point. 

In like m ann er considering the conic and a line; from any point of the line we may 
draw two tangents to the conic, and the harmonic of the given line with respect to the 
two t ang ents envelopes a point which is the pole of the given line. The pole is the 
point of intersection of the tangents of the conic at the points of intersection with the 
given line. 

The polars of the several points of a line envelope a point which is the pole of the 
line; and the poles of the several lines through a point generate a line which is the 
polar of the point; and this proposition shows how the theory of poles and polars gives 
rise to a theory of reciprocity. 

201. If the point-equation of a conic be 

(a, i,oj,g,hjx,y,zf=z0, 

the point-equation of the polar with respect to this conic of the point (of , y 1 , z') is 

(a, b, c,f, g, hjcc, y, y', *)=0. 

But it has been seen that the line-equation of the same conic is 

0, 

and the line-equation of the pole with respect to this conic of the line (2*, K’) (that is, 

the line whose point-equation is is 

(3,3B, C, f, 6, TO, % Off,?)=0, 

in other words, the point-coordinates of the pole are 

ar+fcv+G?. ws+JM+ft, ws+w+m- 

202. If U=0, V=0 be the point-equations of any two curves of the same order, 
then X, p being arbitrary coefficients, 

XU+^V=0 

is the equation of a curve of the same order passing through the points of intersection 
(common ineunts) of. the two curves; such curve is said to be in involution with the given 
curves. The diseussionof the general theory of involution is reserved for another occasion. 

203. In particular, if U=0 be the equation of a conic, and P=0, Q=0 the equations 
of two lines, then 

U+xPQ=0 • 

is the equation of a conic passing through the points of intersection of the conic with 
the two Hn^ ; and if the two lines ooineide, then - '■ 

■ !' // U-f*F=s0 • v.; -: ' 

is the equatiott of a conic having double contact with the conic U=0 at its points of 
intewect^;w^%!pif;^^ ^ inscnbed in the conic XJ==?0j . 
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the line P=0 is the axis of inscription; this line has the same pole with respect to each 
of the two conics, and the pole is termed the centre of inscription: the relation of the 
two conics is completely expressed by saying that the four common ineunts coincide in 
pairs upon the axis of inscription, and that the four common tangents coincide in pairs 
through the centre of inscription; it is consequently a similar relation in regard to 
ineunts and tangents respectively; and it is to be inferred h priori, that if T=0 be the 
line-equation of the conic U=0, and 11=0 the line-equation of the centre of inscrip¬ 
tion, then the line-equation of the inscribed conic is T+^n a =0. 

204. To verify this, I remark that if the equation of the axis of inscription be 

e*+Vy+?*=0, 

then (ante, No. 201) we have for the line-equation of the centre of inscription 

n=(<5,..xu,a§W,?)=o. 

The line-equation of the inscribed conic is in the first instance obtained in the form 

(55 0 ; 


but we have identically, 

(55,. -XI * £)’(& • Ofr ^ ?T- <(3. • 0C& fc Q& 2')} s ==K(a,. .Xnt-rll, &/-&)*, 

and the equation thus becomes 

[k+ x(55, -ir, v, iyj& ■ ‘Xi o 3 -m(& -xt </, txi * o>*=o, 

which is of the form in question. 

205. Take rf) as the point-coordinates of the centre of inscription, the equation 
of the axis of inscription is 

(a, l, c,f, g, KXx, y, si#', *0= 0. 

An d we may, if we please, exhibit the equation of the inscribed conic in the form 
(a,.Jx,y,z)\a, ..X^,y,^)*cos a ^-({a, 
where 6 is a constant. This equation may also be written 




(a ,. .%x, y, z)\a, . -X^ /, *T sin* S—(%. .Jyzl—tfz, zx’—z'x, xy’—x’yf—O, 
the.two forms being equivalent in virtue of the identity, 

^yxp^p^^- {(«> “X 3 ' i^x^y •>%)}*fa aw*. 

f, tj', of the axis of inscription are 

gx’+fy'+cz?, 

and we thence deduce th^bekdiph . - - , 

/ , - ■ v* : : 5 ' (55^^^% ' 

' In brder that the form \ . ' ; • 

jj,. • (a, “X^yi *)*(«, .-X^V^)* cos a A—{(a, -X^y, aQfcjb*)}*=0 

may agree with the originally assumed form 

;r- X' k .ry' :,i . \ (®J ’’’ : 
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or what is the same thing, 
we must have 

_-1_ 

^ (a, "X a ?>y l i cos 8 #’ 

which may also be written 

— K. _ 

or what is the same thing, 

K+x(a,. -x?,«/, er-^a. • -X?. y. w ^ <>= 0 > 

and we thence, by a preceding formula, obtain the line-equation of the inscribed conic, 


viz. 


or 


207. The point-equation being 

(a, . .X«, y, zf{a, . ■X®', y\ z'Y cos* 0- {(a, . -X®, ^ *X*» ^ z ')> !=0 > 

(a,. .X®, y, zf(a ,. •X®', *? sin 8 • W-A ^ ®y-®V)- 0, 


equivalent in virtue of 

(a,. .XwT(a, • -X^M*- {(«. • •XwX^*')}-(&. W-y*. ay-aty) 8 - 

The corresponding forms of the line-equation are 

(a.. -is, *, sna, -ir, v, {(a,..xs,», ext, v, ?)>■=<>, 

and 

(ft ..16,«, 5«ft -ir, A E 1 )’<*»’«-£(<*, -X^-VE, ET-8. tf- w=«. 

equivalent to each other in virtue of the before mentioned identity, 

(9ux& *» 2:') 8 -{(^-x?» *> oc?. v, ^} s =K(o,..x^“Vi, &-&, y-w. 

208, Write for shortness 

(a, ..x®, y, z) a =00, 

(a, ..X®, y, zX®'»/> z)=01=10, 

&c., 

then we have identically, 

00, 01, 02 =K a , y , z 

10 , 11, 12 ® r , y, z' 

20, 21, 22 a/', /, z" 

and i£ the determinant on the right hand vanishes, that is if (ar, y, z), z'), z") 

arepoints in a line, then we have 

00 , 01 , 02 “ 0 , 

10 , 11 , 12 
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an equation, which, as already remarked, is equivalent to 


01 ! 12 _! 02 
l/ooVu 008 7m/l cos Voo i/22 


The foregoing investigations in relation to the inscribed conic are given for the sake of 
the application thereof to the theory of distance, and it has been necessary to make use 
of analytical formulae of some complexity which are introduced out of their natural 

place. 

On the Theory of Distance, Nos. 209 to 229. 

209. I return to the geometry of one dimension. Imagine in the line or locus in quo 
of the r ang e of points, a point-pair, which I term the Absolute. Any point-pair whatever 
may be considered as inscribed in the Absolute, the centre and axis of inscription being 
the sibiconjugate points of the involution formed by the points of the given point-pair 
and the points of the Absolute; the centre and axis of inscription qua sibiconjugate 
points are harmonics with respect to the Absolute. A point-pair considered as thus 
inscribed in the Absolute is said to be a pomPpair circle, or simply a circle; the centre 
of inscription and the axis of inscription are termed the centre and the axis. Either of 
the two sibiconjugate points may be considered as the centre, but the selection when 
thrift must be adhered to. It is proper to notice that, given the centre and one point of 
the circle, the other point of the circle is determined in a unique manner. In fact the 
axis is the harmonic of the centre in respect to the Absolute, and then the other point 
is the harmonic of the given point in respect to the centre and axis. 

210. As a definition, we say that the two points of a circle are equidistant from the 
centre. Now imagine two points P, P'; and take the point P" such that P, P" are a 
circle having F for its centre; take in like manner the point P w such that P f , P w are a 
. circle having P" for its centre; and so on: and again in the opposite direction, a point 
P' such that F, P' are a circle having P for its centre; a point P" such that P, P" are 
a circle having P' for its centre, and so on. We have a series of points ...P'\ P\ P, 
F, P",... at equal intervals of distance; and if we take the points P, F indefinitely 
near to each other, then the .entire line will be divided into a series of equal infini¬ 
tesimal elements; the number of these elements included between any two points 
measures the distant® of the two- points. It is clear that, according to the definition, 
if P, P', P' f be any three; points taken in order, then 

V',;'**:.(P*, P“)= D&hflP, F), 

-•, the of distance- 

' 211. To show how the foregoing definition leads to ah analytical expression for the 
distance of twopomts informs..^ 

(«, h, cjx, 

for the equation of ther Absolute. The equation of a circle having the point (a/, f) for 
its C5eatre is • 

h oX*?> yfcos* *-{(«, K ft*, . 
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and consequently if (x, y), (a/ 1 , y") are the two points of the circle, then 

an equation which expresses that the points (a/ 1 , y") and (x, y) are equidistant from the 
point (od, if). It is clear that the distance of the points (x, y) and (x 1 , if) must be a 
function of 

and the form of the function is determined from the before-mentioned property, viz. 
if P, P, P" be any three points taken in order, then 

Dist. (P, P')+ Dish (F, P")= Dish (P, P"). 

This leads to the conclusion that the distance of the points (x, y), (xt, if) is equal to a 
multiple of the arc having for its cosine the last-mentioned expression (see ante, No. 168); 
and we may in general assume that the distance is equal to the arc in question, viz. 
that the distance is 

cos -1 


(a, b, cX^i yX**, f) 

*7(a, b, % eX^> ff 


(a, c%>, ysy, f) 

V ( a > *>> c X a '> y)*7 a > b > oK y) 


(a, b, cX*, if) 

(a, b, c$jc, yf\7 (a, b, cfo?, 


(a, b, cX^, fX^'y y") 

'(a,b,cX^y i rW(a > b } cXAyT 


or what is the same thing, 


(ac—b*){xtf—it:'y) 

(a, % cX%> Wv ( a > % C X ^>; 


It follows that the two forms 


(a, b, cXx, y)\a, b, cf&y, if )* cos* 6-{(a, b, cXx, y&V, y)} s =0, 

(a, b, cXx, y)\a , b, cX^, if)* sin 2 6—{ac—tf){xif—ody) =0, 
of the equation of a circle, each of them .express that the distances of the two points 
from the centre are respectively equal to the arc 0; or, if we please, that 6 is the radius 
of the circle. 


212. When 0=0, we have 

xy’—x’y—O, 

an equation which expresses that (x, y) and {tg, if) are one and the same point. When 


$= we have ' \ ; 

(a, b, eXx;, y&V, y)=°> 

an equation which expresses that the points (x, y) and (of, if) are harmonics with respect 
to the Absolute. The distance between any two points harmonics with respect to the 
Absolute is consequently a quadrant, and such points may be said to.be quadrantaL to 
each pther. The quadrant is the unit of .distance. . , ■ ; ' ■ 

; ' 213. The foregoing is the. general. case* but it .is necessary to consider the particular 
case ^^l&''Absoh^e is a pair cf harmonic of any point 

: whatevm;mre^ 0 tAbsolute itself: 
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the definition of a circle is consequently simplified; viz. any point-pair whatever may 
be considered as a circle having for its centre the harmonic of the Absolute with respect 
to the point-pair; we may, as before, divide the line into a series of equal infinitesimal 
elements, and the number of elements included between any two points measures the 
distance between the two points. As regards the analytical expression, in the case in 
question ac—l 2 vanishes, or the distance is given as the arc to an evanescent sine. 
Reducing the arc to its sine and omitting the evanescent factor, we have a finite expres¬ 
sion for the distance. Suppose that the equation of the Absolute is 

(?£—m) 2 =o, 

or what is the same thing, let the Absolute (treated as a single point) be the point (p, q), 
then we find for the distance of the points (x, y ) ,and (x 1 , y) the expression 

; 

{qx-py){qx' -py') 


or introducing an arbitrary multiplier, 

(g*-pP){iey l -a!y) _ 

(qx-py){qrf -py 1 ) 

which is equal to 

fix-gy _ fix'—ay f 

qx-py qd—pif 

It is hardly necessary to remark, that in the present case the notion of the quadrantal 
r elation of two points has altogether disappeared, and that the unit of distance is 
arbitrary. 

214. Passing now to geometry of two dimensions, we have here to consider a certain 
conic, which I call the Absolute. Any line whatever determines with the Absolute (cuts 
it in) two points which are the Absolute in regard to such line considered as a space of 
one dimension, or locus in quo of a range of points, and in like manner any point what¬ 
ever determines with the Absolute (has for tangents of the Absolute through the pomt) 
two lines which are the Absolute in regard to such point considered as a space of one 
dimension, or locus in quo of a pencil of lines. The foregoing theory for geouietry of 
one dimension establishes the notion of distance as regards each of these ranges and 
pepeils considered apart by itself; in order to bring the different ranges and pencils in 
relation to each other, it is necessary to assume that the quadrant which is the unit of 
' .the^e several systems respectively, is one and the same distance for each 
pse, wfhen,;as ih the analytical theory, we actually represent the quadrant by 

the ordinary sjnoobol |£e4bqve ;Msoiqptiqn is tacitly made ;, but substituting the thing 

signified for the definition, and, looking at the quadrant merely as the distance between 
.two : points, or as the case may be, lines, haamoincally related to the point-pair, or as the 
case mAy be, line-pair, constituting the Absolute, the assumption is at once seen to be an 
asetissption, and it needs to be made explicitly). But the assumption being made, the fore¬ 
going theory of distance in geometry of one dimension enables the comuarison not omlv 
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of the distances of points upon different lines, or of lines through different points, but 
of the distances of points on a line and of lines through a point. The pole of any line 
in relation to the Absolute may be termed simply the pole, and in like manner the polar 
of any line in relation to the Absolute may be termed simply the polar, and we have 
the theorem that the distance of two points or lines is equal to the distance of their 
polars or poles, or what is the same thing, that the distance of two poles and the distance 
of the two corresponding polars are equal. And we may, as a definition, establish the 
notion of the distance of a point from a line, viz. it is the complement of the distance 
of the polar of the point from the line, or what is the same thing, the complement of 
the distance of the point from the pole of the line. The distance of a pole and polar is 
therefore the complement of zero, that is, it is the quadrant. 

215. It has, by means of the preceding assumption as to the quadrant, been possible 
to establish the notion of distance, without the assistance of the circle, but this figure 
must now be considered. A conic inscribed in the Absolute is termed a circle; the 
centre of inscription (or point of intersection of the common tangents) and the axis of 
inscription (or line of junction of the common ineunts) are the centre and axis of the 
circle. All the points of a circle are equidistant from the centre; all the tangents are 
equidistant from the axis, and this distance is the complement of the former distance. 

216. These properties of the circle lead immediately to the analytical expressions for 
the distances of points or lines in terms of the coordinates. In fact, take 

(a, b, c,f, y, hjx, y, z) 3 =0 

for the point-equation of the Absolute; its line-equation will be 

os, % c, * S) 2 =°- 


The point-equation of the circle having the point (a. 1 ', y 1 , z 1 ) for its centre, is 

(a, ..X*, ih z)\a, y\ z') 2 cos 2 0— {(<35, ...£#, y, *0jV> ^)> S: = 0 » 

or 

(a, ..X*, y, z) 2 («> 0 s sin* 4-(& .OCs^-jfa zx’-z'x, m/~st!y)* s=0, 


from which (by the same reasoning as for the case of geometry of one dimension) it 
follows that the distance of the points (a, y, z), (a!, /,is 

(a, ..K>, y, ?/> *0 


cos 




or what is the same tiling, 

xtf-aiyf . . ■ 

' s/(a, y, *)%/(«, -Ofy, 7, if ’ , ; 

rand it appears from: the cosine formula (see ante. No. 208), that if P, P', P" he points 
oh tire same Bne, then we liave, as we ought to have, .’ V . ! 


y;''l«st.(P, F)+ Dist.(F, F , )=s.pist.(P,F , > : - 


MBCCCLIX. ■ 4 -f.--'- 


j the Hne-coordinates of tfcA 



86 


ME. A. CAYLEY’S SIXTH MEMOIR UPON QUANTICS. 


axis being (?', V, £*), is 

(& - . 11 , V, Z)*(& tf) s sm^-{(<a, ..XS, «» OC?> 4 * *')} s =°> 

or 

(a, .. 38 , i, sna, -if. v, f)'oos’«-K(*, ..xrf-««, »-«. w-w=o, 

from which, it follows that the distance of the lines (?, f, 2) and (§, f, <T) is 

cos -1 

or what is the same thing, 

sin -1 

218. And we may from the first formula of either set, deduce for the distance of the 
point (#, y,z) and the line (?', t /,£'), the expression 


(% ..n » m j, r) 
t, .o& n, ?)V(*j 75r 


x/'xk gEH IS!? - 
N/(a, ..If, H, <)V(^ ..HP, v, ?)* 


sin -1 


✓K(flr+i/y+ft) 

-/(«, -I*. *)%/(». ..xp, v, ??’ 


as may be easily seen by writing +<©?', • • for a/, y, 2 ', or .. for 

i, ij, 5 , and putting sin -1 for cos -1 . 

219. It may be noticed that there are certain lines, viz. the tangents of the Absolute, 
in regard to which, considered as a space of one dimension, the Absolute is a pair of 
coincident points; and in like manner certain points, viz. the ineunts of the Absolute, 
in regard to which, considered as a space of one dimension, the Absolute is a pair of 


coincident lines. ( 

220. We may, in particular, suppose that the Absolute, instead of being a proper conic, 
is a pair of points. The line through the two points may be called the Absolute line; 
such line is to be considered as a pair of coincident lines. Any point whatever deter¬ 
mines with the Absolute, two lines, viz. the lines jo in i ng the point with the two points 
of the Absolute; this line-pair is the Absolute for the point considered as a space of one 


dimension or locus m quo of a pencil of lines, and -the theory of the distances of lines 
through a point is therefore precisely the same as in the general case. But any line 
. whatever determines with the Absolute (meets the Absolute line in) a pair of coincident 
pirate, yhwa* pair of is the Absolute in regard to such line considered 

‘ quo of a range, of points, and the theory, of the 

- distance of points on, a line is therefore the theory before explained for this special case, 
.'jjtoifc we of points upon different 

lines, since we have not in theptesejstt cs^thAqd 8 *^^ of distance. The com- 

; * sf nxm n must-be made by ; means cff-the cade, viz, .in the present case any conic passing 
1 fiiroughthe two points of the Absolute Is termedacircle, and the point of intersection,of 
• y;i^jl^^ts-tothe drdeiat^be two points,of the Absolute (or what is the same thing, the 
, . ptde of fire Absolute line in respect to the circle) is the centre of the circle. The Ahso- 
. .be considered as the It 
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is assum ed tha t the points of the circle are all of them equidistant from the centre, and 
by this assumption we are enabled to compare distances upon different lines. In fact 
we may, by a construction precisely similar to that of Euclid, Book I. Prop. II., from a 
given point A draw a finite line equal to a given finite line BC, and thence also upon 
a given line through A, determine the finite line AD equal to the given finite line BC. 
Since the unit of distance for points on a line is arbitrary, we cannot of course compare 
the distances of points with the distances of lines. The distance of a point from a line 
does, however, admit of comparison with the distance of two points; we have only to 
assume as a definition that the distance of a point from a line is the distance of the 
point from the point of intersection of the line with the quadrantal line through the 
point. 

221. As regards the analytical theory, suppose that the point-coordinates of the two 
points of the Absolute are (p, q, r), (p 0 , q,, r 0 ), then the line-equation of the Absolute is 

2(p^+qfi+rt)(p^+qo^+r^)=0; 

so that we have &=2ppv 35=2 qg„ C=2 rr 0 , $=qr*+rq 9 , ^—rp.+pr^ 
and thence K=0; but 

b, c,f, ffi hX*, y, ~) 

' x, y, z 

p*, So, n 

where obviously 

x, y, z =0 
P, So r 
P.t > So, 

is the equation of the Absolute line. 

222. The expression for the distance of the two points (a, y, *') is given m 

the arc to an evanescent sine; but reducing the arc to its sine, and omitting the 
evanescent factor, the resulting expression is 


•v/2 ar, y] ~z a?, J7 z || + I ar, y, z z’ 

y, z> a?, * Po S, r P, S, r 

p, S , T Po, So, ?o Pa j So, r o - Pv> So, 


qnri the expression for the distance of the two lines ($, ij, 2), (If, , t!) is 

1 ;. (pZ+qn+rQ(p£+qd+r f ®+(pg+rt+r!?)(p ( £-hq&±r t ri , 


, ^(pS+gn +^K.Po?+?<#+ r oS)1 +2n'+*?)(Pai? 
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and finally , the expression for the distance of the point x, y, * from the line (§', nl'), 
reducing the arc to its sine and omitting the evanescent factor, is 

x, y, z s/ 2(2)| , +^'+rD(jPol'+?« J J'+^ / Tl • 
r 

i>o» n 

228. If in the above formula we put (p, q, r)—( 1, i, 0), (p 0 , £«, r 0 )=(l, —i, 0), where 
as usual i=-y/-—1, then the line-equation of the Absolute is | a +jj 2 =0, or what is the 
same thing , the Absolute consists of the two points in which the line z=0 intersects the 
line-pair af+y 5 =0; the last-mentioned line-pair, as passing through the Absolute, is by 
definition a circle; it is in fact the circle radius zero, or an evanescent circle. If we 
put also the coordinate z equal to unity, then the preceding assumption as to the coor¬ 
dinates of the points of the Absolute must be understood to mean only x:y: 1=1: i: 0, 
or 1: — i: 0; that is, we must have x and y infinite, and, as before, x 3 -fy a =0, or in 
other words, the Absolute will consist of the points of intersection of the line infinity by 
the evanescent circle x 3 +y 3 =0. With the values in question, 

224. The expression for the distance of the points (x, y) and (x 1 , y') is 

that for the distance of the lines (§, t], l) and (£', >/, X!) is 



. and the expression for the distance of the point (x, y) from the line (S', rf, S') is . 

?X+rfy+% 

VFW’ 

which are obviously the formulse of ordinary plane geometry, (x, y) being ordinary 
rectangulaxcoo^ 

.suffer no $s$mtial modification, but they are greatly am* 
pKfie fl in form by taking for the point-equation of the Absolute, 



f+^4-^=0. 

for the expression of the distance of the points (x, y, z), (a/, yVz'), 



L 


Xd+wt -\-zd 
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for that of the lines (|, n, £), (?> l'), 

oo,-._ g±*+ g t 

</?+?+? sp+p+p' 

and for that of the point (x, y, z) and the line (?, ?/, ?), 

jjfo-fify+g'.g 

sm ✓?*+v 2 +?' 2 * 

226. Suppose (ar, y, z) are ordinary rectangular coordinates -in space satisfying the 
condition 

the point having (x, y, z) for its coordinates mil be a point on the surface of the sphere, 
and (the last-mentioned equation always subsisting) the equation &v-jrvy-b&=0 will be 
a great circle of the sphere; and since we are only concerned with the ratios of £, n, Z, 
we may also assume r+^ 2 +f ! =l- We may of course retain in the formulae the expres¬ 
sions a^+^+z 2 and f+jf+fc 9 , without substituting for these the values unity, and it is 
in fact convenient thus to preserve all the formulae in their original forms. We have 
thus a system of spherical geometry; and it appears that the Absolute in such system is 
the (spherical) conic, which is the intersection of the sphere with the concentric cone 
or evanescent sphere af+tf+z^—O. The circumstance that the Absolute is a proper 
conic, and not a mere point-pair, is the real ground of the distinction between spherical 
geometry and ordinary plane geometry, and the cause of the complete duality of the 
theorems of spherical geometry. 

227. I have, in all that has preceded, given the analytical theory of distance along 
with the geometrical theory, as well for the purpose of illustration, as because it is 
important to have the analytical expression of a distance in terms of the coordinates; 
but I consider the geometrical theory as perfectly complete in itself: the general result 
is as follows, viz. assuming in the plane (or space of geometry of two dimensions) a conic 
termed the Absolute, we may by means of this conic, by descriptive constructions, divide 
any line or range of points whatever, and any point or pencil of lines whatever, into an 
infinite series of infinitesimal elements, which are (as a definition of distance) assumed 
to be equal; the number of elements between two points of ihe range or two lines of 
the p encil, measures the distance between the two points or lines; and by means of the 
q uadrant , as a distance which exists as well with respect to lines as points, we are 
enable d to compare the distance of two lines with that of two points; and the distance 
of a ppint and a line may be represented indifferently as the distance of two points, or 

as the distance of two lines. ; . 

228. In ordinary spherical geometry, the general theory undergoes no modification 

whatever ; the Absolute is an actual conic, the intersection of the sphere with the con¬ 
centric evanescent sphere. , ; . 

229. In ordinary plane geometry, the Absolute degenerates into A pair of points, viz. 

pwrafa circle, oruhat isfta 
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same thing , the Absolute is the two circular points at infinity. The general theory is 
consequently modified, viz. there is not, as regards points, a distance such as the qua¬ 
drant, and the distance of two lines cannot be in any way compared with the distance of 
two points; the distance of a point from a line can be only represented as a distance of 
two points. 

280 . I remark in conclusion, that, in my own point of view , the more systematic course 
in the present introductory memoir on the geometrical part of the subject of quantics, 
would have been to ignore altogether the notions of distance and metrical geometry; 
for the theory in effect is, that the metrical properties of a figure are not the properties 
of the figure considered per se apart from everything else, but its properties when con¬ 
sidered in connexion with another figure, viz. the conic termed the Absolute. The 
original figure might comprise a conic; for instance, we might consider the properties of 
the figure formed by two or more conics, and we are then in the region of pure descrip¬ 
tive geometry: we pass out of it into metrical geometry by fixing upon a conic of the 
figure as a standard of reference and calling it the Absolute. Metrical geometry is thus 
a part of descriptive geometry, and descriptive geometry is all geometry and recipro¬ 
cally; and if this be admitted, there is no ground for the consideration, in an introduc¬ 
tory memoir, of the special subject of metrical geometry; but as the notions of distance 
and of metrical geometry could not, without explanation, be thus ignored, it was neces¬ 
sary to refer to them in order to show that they are thus included in descriptive 
geometry. 
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V. On some Thermo-dynamic Properties of Solids. By J. P. Joule, LL.D., F.B.S., 
F.C.8 ., Hon. Mem. Phil. Soc. Cambridge, Vice-President of the IAt. and Phil. Soc. 
Manchester , Corresp. Mem. JR.A. Sc. Twin , &c. 

Eeeeived April 22,—Bead June 10,1858. 


1. After finding the numerical relation between heat and work in 1843, it immediately 
occurred to me to investigate varioixs phenomena in which heat is evolved by mechanical 
means, and of these one of the most interesting and important appeared to be the evolu¬ 
tion of heat by the compression of elastic fluids. If the heat given out in this case 
proved to be the equivalent of the work spent, then the natural inference was that the 
elastic force of a gas and its temperature are owing to the motion of its constituent 
particles, both being proportional to the square of the velocity of the particles; and that 
the force of a falling body employed in compressing a gas is exhibited anew in the form 
of temperature. On the other hand it was possible, secondly, to conceive of an elastic 
fluid which would not give out any heat by compression. This would be the case if it 
was made up of mutually repelling particles, the temperature of which was that of the 
mass. The work required to compress the fluid would be the same on either hypothesis, 
but in one supposition the effect would be developed in actual energy, in the other in 
the potential form. Thirdly, we may suppose a fluid exhibiting as heat a portion of 
the force employed in its compression, and retaining the rest in the potential form. Or 
we may have a fluid giving out more heat than the equivalent of the work spent upon 


it when it is compressed and maintained at ,a constant 
temperature. Experiment proved that the heat actually 
evolved was very approximately that due to the compress¬ 
ing force. Nevertheless, it seemed desirable to demon¬ 
strate the possibility of a gas so constituted that heat shall 
pot be evolved by its compression. It occurred to me 
that a bag fuH of 'elastic metallic springs would illustrate 
such a gas. If the springs were properly formed, : the 
elasticity of the bag would follow the laws of gaseous 
pressure* To the question* Would such a bag evolve 
h$ftt eu "compression % T could readily-answer, no.; for 

, the therm^ fijMi 
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2. The appaxatus I employed is represented by the adjoining sketch, where a spiral 
spring of tempered steel is seen immersed in the can A. By applying weights to a lever 
connected with the link B the spring could be compressed, and the heat evolved, if any, 
measured by the increase of temperature observed to take place in the water or mercury 
filling the can. The plan I pursued was to note the temperature successively; first, two 
minutes after the weight had been laid on; second, two minutes after the weight had 
been removed; and third, after two minutes more had elapsed. The mean of a number of 
these observations taken in succession, gave me,—first, the thermal effect resulting from 
the laying on of the weight and the atmospheric influence; second, that of the removal of 
the weight and the atmospheric influence; and third, the atmospheric influence alone. 

8. The pressure applied was 318 lbs., which pushed down the spiral spring 1T36 inch. 
In the following summary of results, each number is the mean of eight or ten observa¬ 
tions, given in terms of the graduation of a thermometer, of which each degree was 
equal to ‘0558 of a degree Centigrade. 

First Series. Spring immersed in 8 ozs. of water. 


First experiment . . . 

■Weight laid on. 

. . --548 

Weight taken off. 

-•568 

Atmospheric influence. 

-•560 

Second experiment . . 

. . —-009 

-•023 

-•012 

Third experiment. . . 

. . -f‘282 

+ ■271 

+*252 

Mean. 

. . — -092 

-•107 

1 

O 

-4 


Second Series. Spring immersed in 7 lbs. of mercury. 


First experiment . . . 

Weight laid on. 

. . +180 

Weight taken off. 

+175 

Atmospheric influence 

+169 

Second experiment . . 

. • 4“ *066 

+•092 

+ 059 

Third experiment. . . 

. . + "041 

+ 039 

+D20 

Fourth experiment . . 

. . --060 

-•059 

-■053 

. Mean . 

.. . + ; 057 

+•062 

+•049 

i Mean of both series 

. . --032 

oo 

CO 

o 

1 

-•041 


•.hbat of half a pound of water being about twice as great as that 
, the mean result of the second series by two, before 

combiningitseries in & general mean. , The mean -of both series therefore 
represents the thermal effect in the capacity of half a pound of water. It indicates, on 
mbfracting. the effeets of the a&nbbpherb,-809 after laying on the 
i p^ht, and a heating effect of *008 on taking, biff the weight. The highest of these 
numbers represents a temperature less thanone thousandth of a degree Fahr. 

:;..cjhe actual force expended in the compression of the spring was 14’268 fobt- 


'V ^dxwhlexit Jko 0°*087 Fahr.- in half a pound of water, a theim^l effect 

made manifest with the greatest' facilityt.- ‘ 
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obvious that a gas might be conceived as so constituted that the heat evolved by its 
compression would be in no respect the equivalent of the mechanical force employed, 
and tha t therefore we had no right to assume such equivalency except as a hypothesis 
to be tested by experiment. Accordingly after this hypothesis had been proved by me 
approximately*, Professor Thomson devised the experiments'}* by which we have 
succeeded in defining the limits of its accuracy. The same philosopher has also applied 
his powerful analysis to the investigation of the thermo-elastic properties of matter^. 
The results of the experiments I have just given an account of can only be considered as 
negative, but it has been decided by Professor Thomson that the compression of a spring 
gives a certain, though excessively small thermal effect, owing to the almost exact coun¬ 
terpoise of heating and cooling effects on the compressed and extended sides. The 
method of obtaining appreciable results was obviously to examine these opposite effects 
separately. I have, therefore, on the suggestion of Professor Thomson, undertaken 
some exper im ents with a view to ascertain the heat developed by longitudinal compres¬ 
sion, and that absorbed on the application of tensile force. 

6. At the outset it was obvious that a very delicate test of temperature would be 

required, and no means appeared to offer so many advantages as that of thermo-electri¬ 
city. Professor J. D. Forbes had constructed a thermo-multiplier capable of detecting 
temperatures not exceeding one thousandth of a degree Fahrenheit. Adopting some 
of the refinements introduced by Melloni and Forbes, I have simplified the instrument 
so as to render its construction and management very easy, and also increased its sensi¬ 
bility by immersing it into the vacuum of an air-pump. My thermo-multiplier is repre¬ 
sented by the adjo ining sketch (fig. 2), where a is the air-pump firmly clamped to a 
strong stool, the legs of which pass through holes in the *" lg ’ 2i 

laboratory floor and are driven into the ground beneath; 
b is a glass chimney receiver; c a block of wood supported 
on feet which rest on the pump plate; d a piece of glass 
rod fixed to the block, over which is thrown the filament 
which supports the astatic needles. Two thick copper 
wires (e) dip into mercury cups formed in the block, and, 
being carried out of the receiver through holes drilled in: 
the ground'glass plate jf, are bent into two mercury cups 
placed on the top of the instrument Fitch was employed 
to close all orifices air-tight. 

7. The details of the astatic needles, which are poised 
ac cording to the plan first suggested by Professor Thomson, 

. will Be better understood by inspecting fig. 3. The needles 



' Jane 20,184** May W®- . 

f Philosophical Magazine, 1852, Supplerotot ; PhfloeopM<^ Ecansae^eBa; 1^8^ Part HI. p. 357, and 

aOhCGLiX. V * 
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axe parts of one sewing-needle magnetized to saturation, one part being a little longer 
than the other, so as to exceed it in magnetic moment and give direction to the system. 
A piece of glass tube drawn very fine, and bent as represented in the sketch, is attached 
at right angles to the upper magnetic needle and serves as Fig. 3. 

the pointer. The lower needle is hooked to the pointer by 
means of the fine glass tube to which it also is attached. 

The coil consists of twenty turns of silked copper wire, 

^ 0 -th of an inch in diameter, the ends of which dip into the 
mercury cups gg formed in the block of wood. 

8. In order still further to increase the sensibility of the 
instrument, a steel magnet one yard long, the permanency 
of which had been tested, was placed so as to counteract 
and alm ost entirely overcome the action of the earth’s magnetism in the locality of the 
needle. A small telescope placed at the distance of a few yards, and looking obliquely 
downwards through the chimney glass at the graduated circle, completed the appa¬ 
ratus. 

9. With air in the receiver at the atmospheric pressure, the mere standing at the 
distance of two yards on one side of the instrument, would in a short space of time 
cause the needle to travel through 10° in consequence of the currents of air produced 
by the unequal heating of the walls of the glass receiver. But when the air was reduced 
to a pressure of only half an inch in the mercury gauge, this did not take place, though 
still, when the hand was put in contact with the receiver, a very considerable deflection 
of the needle was speedily produced. 

10. On working with my instrument, I was agreeably surprised to find that when the 
bar-magnet was placed so as to make the needle take up one minute in being deflected 
to a new position, no perceptible return swing of the needle took place, even when the 
rarefaction of the air was carried to half an inch pressure. If a small magnet was sud¬ 
denly placed where it could deflect the needle 30°, the pointer would steadily travel 
towards that degree of deflection, and on arriving there would remain settled without 
any previous, oscillation that could be discerned. When the time of a swing was 
fedt^d to 30", a return swing was observed amounting to ribs’! ^ tV °f the first 
s^h^^a|cprdii^-^as the gauge was reduced to 1, ■&, and | inch respectively. 

' v ifc?0itel\df«deBcaCT of the instrument arranged so as to give the swing in 
45* 1 , .the resistance of the coil and its appendages 

a hundiecif$d 1^ ^*^4' of fine copper; wire of ^frth of an inch 

diamfit er, a angle degree Centigrade communicated ,tb the junction bismuth and anti¬ 
mony produced a deflection of 2° 57'. Therefore, as it was quite possible to estimate a 
deflection amounting to 2', it followed that a change of temperature in the junction 
b j^nt b and- antimony directly connected with the multiplier would be estimable, if it 
' w ; ere Only bf a degree Centigrade. • 

. 12. ^n objectioai wbicb might be raised on account of an air-punjp being permanently 
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occupied, might be got rid of by the following arrangement:—A rim a, fig. 4, contains 
pitch or other cement to secure the joint between the Pig. 4 . 

chimney and top plate glass; a rim at b contains pitch 
to secure the orifices where the wires pass through 
the top plate. The bottom of the chimney rests upon 
a round metallic plate, into which a metal pip© c is 
screwed, which is attached by india-rubber tube to the 
glass tube d . This tube is hermetically sealed after the 
air of the receiver has been exhausted through it. All 
the lower joints are then rendered permanently tight, by 
putting the instrument in the shallow dish e filled with 
melted pitch. 



Thermo-electricity of Iron in different states . 

13. In my earliest experiments on the thermal effect of stretching a steel bar, I 
placed a copper wire in contact with the steel, and completed the circuit by an iron wire 
in contact with another part of the steel bar not under tension. I found anomalous 
results which I was ultimately able to refer to the strong thermo-electric relation 
between hard steel and iron. It was at once obvious that the existence of such marked 
differences between ferruginous metals in various states of aggregation or purity mig t 
render the thermo-multiplier a valuable test in the hands of practical men. I there ore 
allowed myself to be diverted awhile from the main object of inquiry in the endeavour 


to throw some light on so interesting a question. ^ 

14. Professor Thomson has described* the changes in thermo-electric position which 
are produced by the various conditions under which metals are placed. He has shown 
that the process of hardening by plunging into cold water brings copper and most other 
metals nearer antimony in the thermo-electric series, but that iron is brought nearer 
bismuth: I find that in steel the change is in the same direction as in iron, bn o 
enormously greater magnitude. In a softened state, the position of steel is about 
midway between copper and iron, but after hardening it by plunpngit at a bright red 
heat into water, I have in some instances found it to be on the bismuth side o copper, 
the alteration of the thermo-electric position of the same specimen amounting to as 
much as -j^th of the entire range between bismuth and antimony. In all the speci¬ 
mens of wrought and cast iron I have examined, there is a notable effect m the same 
direction produced by plunging at bright red heat into water; but althoughagreat 
change in the molecular state was thus occasioned, evinced by the iron bepdihg ^with 
twice the difficulty it did when annealed, and the cast iron resisting the, action of,the 
file* either metal was only brought nearer bismuth by jfo of the interval between 
hfeffiutii aBdltiati*apny. A fresh^ illustration .of 

produced in iroh by its conversion into steel is $hus ^ be eve ji e 

: ;>Vv v -■, 'r ' 
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•excellence of the latter metal might be tested by ascertaining the amount of change in 
thermo-electric condition which can be produced by the process of hardening. 

15. The different varieties of cast iron I have tried present a surprising range ot 
thermo-electric intensities, extending almost from that of wrought iron on the one hand, 
to that of German silver on the other. By the kindness of Professor F. C. Calvert, I 
have been enabled to examine several interesting specimens, of which he has furnished 
me with the analysis. The general conclusion arrived at is, that the metal is brought 
nearer b ism uth as the quantity of carbon in combination is increased, but much more 
so than would be the case if cast iron exhibited merely the combination of thermo¬ 
electric intensities which carbon and iron separately possess, at least if the intensity 
generally assigned to carbon is correct. The intensity of the junction wrought iron 
and highly carbonized cast iron is as much as one-fifth of the intensity of antimony and 
bismuth. 


Thermo-electric Intensities of Metals, Alloys, &c. 

16. In constructing the following Table, I employed the thermo-multiplier already 
described, furnished with a -variable extra resistance. I examined first those metals 
whose thermo-electric qualities were most widely separated, and then those which lay 
intermediate and differed less from each other. Small arcs of deflection were observed, 
so that the deviation of the needle was a sufficiently correct measure of the intensity of 
the current, and constantly repeated comparisons were made with a standard thermo¬ 
electric junction of copper and iron included in the same circuit with the junctions 
experimented on. 


17. Scale of Thermo-Electric Intensities at 12° Centigrade. 

Antimony, specimen of commercial.100 

Antimony, pure, prepared by Mr. Calvert ..98-06 

Antimony, pure, prepared by Mr. Calvert, not well annealed . . . . . . 95*95 

Alloy consisting of 5 equivalents of antimony +1 equivalent of bismuth . . 83*75 

Alloy consisting of 4 equivalents of antimony +1 equivalent of bismuth . . 80*50 

Alloy rawgiaring of 8 equivalents of antimony +1 equivalent of bismuth . . 78*94 

Ahoy epnsisrixtg of 2 equivalents of antimony +1 equivalent of bismuth . . 68*79 

ABoy <krasisting of l equivalent of antimony+1 equivalent of bismuth . . 45*51 

Iron, thh^ vrii^ Profiessor Calvert’s . .. . > , . .. . ... . . . SO* 

Iron, thin wire . . . „i v ... • . . ■ • 79*24 

Iron, thick wire, very well annealed . < . V- .V . . ... . . . 78*24 

Iron, thick wire, hardened by plunging at bright red into water . . . . . 77*62 

•Iron (Professor Calvert’s No. 1) drawn into wire . . . . . . . . . 77*23 

fIrim (ProfeKior Calvert’s No. 1) after puddling, but previous to being drawn 

into wire « ... 76*00 

^Iron (l^feffior CALVERT’s No. 1), cast, previous to puddling . . . . , . 65*21 
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Iron (Professor Calvert’s No. 1), cast, previous to puddling, hardened by 

plunging it at bright red into water.6 3'89 

Iron (Professor Calvert’s No. 1), cast, white fracture, very hard.70-92 

Iron (Professor Calvert’s No. 1), cast, black fracture.57-7 / 

Steel, small file, annealed.73-15 

Steel, small file, hardened by plunging at bright red into water.65-8 

Steel, large file, annealed.70-28 

Steel, large file, hardened by plunging at bright red into water.64-06 

Iron, cast, annealed.63-25 

Iron, cast, hardened by plunging at bright red into water.62-7 

Iron, cast, hardened by plunging at bright red into water, another specimen . 60-83 

Iron and copper wires, faggot of, in proportion 1 iron to 5 copper .... 68-29 

Iron and copper wires, faggot of, in proportion 2 iron to 5 copper .... 69-83 

Iron and copper wires, faggot of, in proportion 4 iron to 5 copper .... 71*17 

Iron and copper wires, faggot of, in proportion 8 iron to 5 copper .... 72-71 

Iron and copper wires, faggot of, in proportion 16 iron to 5 copper .... 75-53 

Zinc. 67 ‘ 94 

Zinc, amalgamated.67-77 

Copper deposited by electricity (brittle).67-9 

Copper, thin wire.. 

Copper, another specimen. 88 *2 

Copper, another specimen.65-92 

Gold, pure.. 

Silver deposited by electricity (brittle). 67-08 

Silver, sheet.. 66 - 81 

Tin, pure .... .... 65 ' 46 

Lead, commercial.-.. • 65*29 

Lead, pure.64:42 

Platina, annealed.* ^ ; 65*02 

Platina, unannealed.,. ....... 64*87 

Platina, fine wire...64*15 

Alnminiirm .64*68 

Mercury ..61*74 

German.silver ...^* 88 

German silver, hardened by hammering... - 49*51 

TtisTnnthj pure, prepared by Professor Calvert.. : ; 4 ‘ 7 ; 

Bismuth, specimen of commercial . . . ..... % .• >'-■ *• - ' 6 


gave for the 'J-yy,;:- ,^ 
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Carbon. 

Silicium. 

Sulphur. 

Phosphorus. 

Iron. 

Total. 

Cast iron . . . 2*275 

2-720 

0-301 

0-645 

94-059 

100 

Puddled bar . . 0-296 

0-120 

0-134 

0-139 

99-311 

100 

Iron wire . . . 0-111 

0-088 

0-094 

0-117 

99-590 

100 

From the above digression I now return to 

the main subject of the present 

paper, by 


describing my 


Experiments on the Thermal Effects of Tension on Solids. 

18. All the metals employed, with the exception of lead, were in the form of cylin¬ 
drical bars about a foot long and a quarter of an inch in diameter. The upper end of 
the bar was screwed into a piece of metal supported by a wooden framework, the lower 
end was attached to a lever, to the extremity of which weights could be hung without 
approaching the apparatus. In the first method the thermo-electric junction was made, 
as represented in the adjoining sketch, by binding to opposite sides of the bar copper 
and iron wires ^th of an inch in diameter, hammered flat at the ends. In the second 
method, the junction of fine wires was inserted in a hole ^-th of an inch in diameter, 
bored through the centre of the bar, a small portion of wire being bound to the bar by 
means of cotton thread, but metallic contact prevented by an intervening slip of paper. 
The ter minals of these wires were immersed in deep mercury cups formed in a solid 
block of wood, whence thick copper wires proceeded to the thermo-multiplier. 

19. Immediately after each experiment on the effect ^ g 

of tension, the thermometric value of the deflections was Fjrst met]lod Second method . 
ascertained by immersing the bar, to within one-third of 
an inch of the junction, in water of different tempera¬ 
tures. Hie deflections thus produced were about two- 
thirds of those occasioned by the same changes of tem¬ 
perature when the junction was completely immersed. 

The diminished effect in the former case is owing for 
the. most part to the conduction of heat from the air by 
the thermo-electric wires. The experiments on tension 
.. vpre liahLe to be affected in the same way, but they were 
.'ndf' "subject to the loss arising from the conduction of heat from the surface of the bath 
:jto' fie jimcimiv) Me eras?* intervening from this latter circumstance could not ie great, 
and was moreover in all probability ahnost exactly neutralized by a small error in the 
tension experiments,, arisingfrom the escape of T^th of the thermal effect from the 
. quarter-inch bars during the 40"? bpcapied by the swing of the needle. 

\ $0. Iron.—-The weight of thB bar per.fbot was *15fl8 o^ a lb. The lever alone gave 
it a omstaht tension of TO Ibs. The Additional .tensions successively given were 194 lbs., 
11661bh,, or*61, 8,- The mean of five trials gave 20 f, 6 

•/ as the: deflection indicating cold, on applying the tension of 1941bs., and 20 /, 2 as. the 
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deflection in the opposite direction, indicating heat, when the weight was removed. 
With 388lbs., I had 35'*8 and 42'-2: with 583 lbs., 56'*4 and 57'*8: and with 1166 lbs., 
1° 55'*8 and 1° 58'*6. Hence it appeared that the quantity of cold produced by the 
application of t ensi on was sensibly equal to the heat evolved by its removal; and further, 
that the thermal effects were proportional to the weights employed. 

21. The above trials having been made without an accurate determination of the 
thermometric value of the deflections immediately afterwards (a practice I found it im¬ 
portant to follow in order to obviate the effects of any alteration in the magnetic inten¬ 
sities of the earth, astatic needles, or controlling magnet, which might be taking place), 
I repeated the experiment, using the first method above described, and found a mean 
deflection of 1° 22'*8 with a tension of 775 lbs. The thermometric value of this deflec¬ 
tion, deter min ed in the manner already explained, was —0 o- 115 Centigrade. 

22. Professor Thomson, in his researches on the thermo-elastic properties of metals, 
has demonstrated the following formula as applicable to the phenomenon in question, 

H =JX i x T x F x ^ 


where H is the thermal increase in degree Centigrade, t the temperature Centigrade 
from absolute zero, J the mechanical equivalent of the thermal unit, p the pressure 
applied in pounds, which in the case of tension is of course a negative quantity, e the 
longitudinal expansion per degree Centigrade, s the specific heat, and w the weight in 
pounds of a foot length of the bar*. Applied to the above experiment the formula 


gives 


276-7 -775 

X1— 1390 * 1 


1 L v—x—— — _o°*11017. 

81200 X -11 X *1568 


23. In another experiment by the first method, but with another thermo-electric 
junction, I obtained a thermal effect of 0°*124; in this case the formula gave 

tt g76 —775 j__ V _1 v 1_ 0°-K?09 

—1390 X 1 X 81200 X ’ll X *1568 


24. A third experiment, in which the second method was used, and in which I had 
the advantage of Professor Thomson’s assistance, gave a thermal effect of — 0°*1007. In 
this .case the formula gave 


H= 


287 -725 


’1390' 


X 81200 X *11 X *1568 = 


-0°*1069. 


25. Sard Steel .—With stretching weights of 194, 388, and 775 lbs., I observed 
deflections of the needle amounting to 27', 48', and 1° 37'. Another experiment by tiie 


. ,*^e,fonrala signifies in fact that the heat evolved by compressing a soljdis equivalent to the work 
requiredto compress the volume of it due to temperature, just as in the case of a perfeet elastio fluid, applied 

to which tise e^ressipn becomes; simplified to M. CiArtyBON>s ©ven ^theoretical estimate of the 


heat' 

f Lavoisies and JArniCB. 


Sy.voLHi. p. 878). 

. { Dulohs and Pjanp 
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first method to obtain the absolute thermal effect gave 53', which was found to indicate 
a temperature of - 0°-162. The theoretical result in this case was 


275-4 -775 

1390 x 1 * 


1* 


It 


81633 A -1024 A -1499 


y —Q°-125. 

A . 1 /( QQ- 


26. Cast Iron .—The deflections produced by tensile forces of 194, 388, and 775 lbs. 
were 17', 31', and 69'-9 respectively. The thermal effect indicated by the last was—0°-1605. 
The formula gives 

. n 


n— 277*4 l J75 _ 

a — 1390 x 1 A 90139 


v _il_ y —1— = —0°T12. 

X 1I98 X> 1281 


27. In another experiment I obtained a thermal effect of —’1481, theory giving 

l l 


283 -784 _ 

£L ”*1390 X 1 X 90139 A *1198 


_1 

X -1281 


= -0°-115. 


28. Copper .—With tensile forces of 191-6, 383-3, and 766-6 lbs. I obtained by the 
first method deflections of 21', 41', and 1° 12'-6 respectively, the absolute thermal effect 
indicated by the last being — 0°-174. The formula gives 


H= 


274-9 —766-6 Ul-xJ^Lv—-_0°-154 

’1390 X 1 X 58200 X -095 X -1781 — ' 


29. With copper, and also with iron wires, I have observed the cooling effect of tension 
close up to the breaking-point. But whenever the pull occasioned permanent change ot 
figure, the heat frictionally evolved overpowered the cooling effect. 

30. Lead .—The bar employed was half an inch in diameter, and weighed 6308 grains 
to the foot. The stretching weights were, first, 193 lbs. with 70 lbs., the weight of the 
lever, constant; and second, 263 lbs., the weight of the lever itself being used along with 
the 193 lbs. laid on it. Using the first method, I obtained with the above weights deflec¬ 
tions of 21'-6 and 30'-7, indicating thermal effects of — 0°-0531 and —0°*0758. The 
formula gives in the two cases, 


n 1390 x 


-193. 1** 


X .no/va x , oni —0 "0403, 


'35100 A '0303 


-and 


tt 278-5 ^-263 v 


•901 

1 


-0°-0550. 


1890 A 1 A 35100 X, 0S03 X ’901 ‘ 

:M^8wtta ; |tere%-^Tbe piece used was half an inch in diameter, and weighed 1246 
. .junction,’ formed of very thin copper and iron 

though the substanpe of the gutter percha. 
The. weights employed were 4 -first, that of the lever alone amounting to. 70 lbs.; and 
second, the lever with tile farther .aSditioh of 80 lj>s.,. msMag in all 160 lbs. As with 
mefcab, cold. produced whenfche' gutta ; pei?cha was stretched, and the heat 
l fasinfadwhen the strt^tdnng weight vrais^fepbYed. With the first-named tensile force a 
of I6'-4 was observed, and with the second a mean deflection of 30'-2. 

.+ POTVEE. '1, $ BOX. 


l^voismi % Ilmcnce. mid ]te. , ** Lavoisxbb and LipmcE, ,/h 
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In order to turn the above into thermal measure, the gutta percha was plunged into 
-vater of different temperatures, deep enough to immerse the part in which the thermo¬ 
electric junction was imbedded; the former plan of operation being inapplicable in this 
instance, on account of the low conducting power of the substance used. It was found 
in this way that the quantities of thermal effect due to the above deflections were 
—0°-0284 and — 0°-0524, quantities, however, which are likely to err in defect by a very 
small quantity, owing to the nature of the method of finding the value of the deflec¬ 
tions. The theoretical results, assuming as I did for the metals that the expansion of 
gutta percha by heat is the same whether suffering tension or not, are 


276-4 -70 1 1 J_ 

xx — 1390* 1 A 6354 A -402 ^‘178 


and 


H= 


276-4 


•150 


1390 


X 1 X 6354 X *402 X *178“ 


—0°-0306, 
0°*0656. 


32. The values just given for the expansion and specific heat of gutta percha are those 
which I arrived at by experiments on a part of the same sheet out of which the cylinder 
above used was made. The method pursued in obtaining the expansion was one I have 
frequently found very convenient. It consists in weighing the body in water at two 
temperatures, one as much below as the other is above the point of max imum density. 

In this way I found the linear expansion between 2°'4 and 5°*8 to be ^^54 P er ^ 

the specific gravity to be 1-00462 at 4°. The specific heat at 4°-5 was found by the 
method of mixtures to be -402. 

33. India-rubber .—The extraordinary physical properties of this substance appear to 

have been first remarked by Mr. Gough *. By placing a slip of it in slight contact with 
the edges of the Kps, and then suddenly extending it, he experienced a sensation of 
warmth arising from an augmentation of the temperature of the rubber; and then by 
allowing the sKp to contract again, he found that this increase of temperature could be 
destroyed in an instant In his next experiment, he found that “ if one end of a dip of 
caoutchouc be fastened to a rod of metal or wood, and a weight be fixed to the other 
extremity, in order to keep it in a vertical position, the thong will be found to become 
shorter with heat and longer with coldfThe third experiment described by Mr. Gough 
has indicated the means of using this substance in the production of textile fabrics; he 
says, “ If a thong of caoutchouc be stretched, in water wanner than itself, it retains its 
elasticity u nimp aired; on the contrary, if the experiment be made in water colder than 
itself; it loses part of its retractile power, being unable to recover its former figure;, but 
let the thong be placed in hot water, while it remains extended for want of spring, and 
the heat will immediately make it contract briskly.” - ,, , . - ; 


t Ibid. p. 29S 


the slipverfcical 
5 MBCdDidEX. 



as to keep 
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34. In addition to the above, my own experience has led me to the curious fact that a 
piece of india-rubber, softened by warmth, may be exposed to the zero of Fahrenheit 
for ah hour or more without losing its pliability; but that a few days rest at a tempera¬ 
ture considerably above the freezing-point will cause it to become rigid. 

35. The ends of a piece of elastic india-rubber, about fcfths of an inch square, were 
attached to an apparatus by means of which it could be stretched by various weights. 
A thermo-electric junction of thin copper and iron wires was placed in an orifice pierced 
through the centre of the slip; and at either side, at -&ths of an inch distance from one 
another, pins were stuck which afforded the means of knowing the exact length to which 
the rubber was stretched. With small tensile forces no thermal effects were observed, 
but when the rubber was stretched by a weight of 6 lbs., a sensible deflection of the 
needle took place, indicating heat; the needle returning to zero, and thus indicating 
absorption of heat when the weight was removed. Experiments with different weights 
gave the following results:— 


Stretching weight 
in pounds. 

Length of rubber in inches 

Deflection of 
thermo-m ultiplier. 

Thermal effect 
indicated by 
deflection. 

'When Btretched. 

After weight 
was removed. 

0 

0*59 

0*59 

a / 

0 

0 

0 

2 

0-67 

Not observed. 


0 

4 

0-77 

Not observed. 

- 1 


6 

0-94 

Not observed. 

11 

1 

8 

MS 

Not observed. 

32 


10 

1*45 

0*71 

1 15 

i 0*139 

12 

1*75 

0*9 

3 47 


14 

Not observed. 

Not observed. 

4 50 


16 

£•14 

Not observed. 

5 55 

0*657 

18 

236 

1*02 

6 45 

0*750 


36. The low temperature (about 6° Centigrade) at which the above 
experiments were tried considerably interfered with the perfection of 
the elasticity of the india-rubber, which in consequence became gra¬ 
dually elongated on the removal of successively increasing weights. 
This circumstance no* doubt interferes slightly with the absolute 
quantity bfi thermal effect recorded in the last column of the Table. 

characteristics of the phenomena are plainly indi- 
bvth a reyerse effect, is produced by 
’ ifiit: tfbepr a certsun wright ia 

reached, a rapid increase of fberm^ ^ , , 

37. The same piece of rubber ^&s;kftefwirids immefsed in water in 
the manner represented by the adjoinihg sketch. A wire attached 
'tp the rubber at the upper extremity was made -fast, and another 

i, wife : hfS^d' to' the lower end passed through a cork in the glass tube, 
fvbent intQ a hook, supported a scale for weights. The 
ihe water in the tube was kept uniform by constant-; 


Fig. 6. 
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additions and removals of water, which, was kept well mixed by a current of bubbles 
of air blown from time to time through a narrow tube into the lower end. The positions 
of the pins, showing the length of the rubber, were ascertained by means of a graduated 
scale placed behind the tube, viewed through a telescope which was raised or depressed 
according to the level of the pins. 

38. In my first experiment the stretching weight, inclusive of the weight of the tube, 
was 3 lbs., and the water in the tube being adjusted to 7° Cent., the length of the thong 
between the pir»« was 1*026 inch. The temperature of the water was then raised to 17°, 
anrl kept there for ten minutes, when the length was found to be reduced to 0*964 inch. 

A third observation at 28° gave the length 0*9. It was evident that this contraction 
was partly owing to the recovery by heat of the rubber from the constrained state in 
which it was left by the experiments of the preceding Table; for the lengths observed 
on lowering the temperature successively to 16°*6 and 7°*4, namely, 0*91 and 0*922, 
indicated a lengthening effect from the application of cold, only one quarter of the 
amount of the previous shortening by heat. I now used a stretching weight of 6 lbs., 
which immediately increased the length to 1*22, and in the course of thirty-six hours 
further increased it to 2*548 inches at the temperature 5°*4. Eaising the temperature 
successively to 12° and 17°, the length was diminished to 2*527 and 2*459. Then on 
depressing .it to 9°*5 and 4°*3, I observed 2*476 and 2*490. After leaving the same 
weight on for five hours longer, I observed lengths of 2*559, 2*514, and 2*47 with the 
temperatures -6°*2, 12°*4, and 20°*2, and 2*483 and 2*498 at temperatures successively, 
depressed to 12° and 5°. After the lapse of twenty-two hours more, I found the lengths 
2*624, 2*568, and 2*51 at the temperatures 6°*2, 13°*6, and 22°; and 2*523 and2*548 on 
depressing the temperature to 13° and 6°*4. All these observations show the gradual 
elongation effected by tension, the tendency of heat to restore the original length, and 
the increase or decrease of elastic force with the elevation or depression of the tempera¬ 
ture of the rubber. 

39, I now reduced the stretching weight to 1 lb., being that of the tube and the 
water contained by it. The observed length was 1*63, and in forty-five .minutes further 
decreased to 1*621. Afterwards it began to increase gradually; in five hours attaining 
to 1*635, in seventeen more, to 1*724, and after a further lapse of forty hours to 1*751. 
These observations were at 7°*1, Then raising the temperature to 21°*6, the length was 
reduced to 1*191; and on depressing it again to 7°*4, the length was further reduced to 
1*181, K eeping the rubber at the same temperature it still continued to contract, acd 
in two hours its length, was only 1*17. Then on raising the temperature to 23°, and 
afterwards depressing it to 7°*2, the length was successively reduced to 1*151 and. 1*141. 
' phftafl ffld «irwfta.r observations were continued for several days.with hke adults,- confirm* 
ing my previous remarks, and also developing the curious fact, that when .a piece of indite 
rubbsr,whi^ previously graduaHylength^ is^shortenedby 
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40. Although my experiments, already detailed, on the thermal effects of stretching 
india-rubber were not, on account of the imperfect elasticity of that substance at low tem¬ 
peratures, well calculated to give exact numerical results, the general conclusion derived 
from them is perfectly in accordance with Professor Thomson’s formula, where, in this 
instance e, the expansion, being negative, the result indicated is a rise of temperature on 
the application of the tensile force. 

41. When, by keeping india-rubber at rest at a low temperature for some time, it has 
become rigid, it ceases to be heated when stretched by a weight, and, on the contrary, a 
cooling effect takes place as in the metals and gutta percha. The experiment by which 
I ascertained this fact was made with a piece of india-rubber £ of an inch square, which 
had been exposed for several days to a temperature not lower than 5° Cent. In this 
state it was found that the application of a tensile force of 14 lbs. produced a deflection 
of 20', indicating cold, and that a contrary deflection, indicating heat, was produced by 
removing the weight. After raising the temperature of the rubber to 15°, the elasticity 
of the rubber was restored, and the reverse phenomenon of heat on stretching produced, 
indicated by a deflection of 15'. 

42. “ Vulcanized ” Indiarntbber .—I observed the principal physical characters of this 
substance before I was acquainted with Mr. Gough’s discovery of the properties of simple 
india-rubber, above noticed. The superior permanency of the elasticity of rubber in 
combination with sulphur, and its unimpaired existence at low temperatures, rendered 
it better qualified for experiments in which accurate numerical results were desired. 

43. I deter mine d the specific heat of vulcanized india-rubber from portions of the 
specimens used in the experiments about to be detailed. The method of mixtures was 
employed, a quantity in small bits being raised to a given temperature in a bath of air, 
and then plunged into a thin copper can partly filled with cold water. The result, reliable 
to at least one-tenth of its amount, was 0*415. 

44. The expansion by heat was found by weighing in water 2°*25 above and 2°*25 
below the maximum density. The result showed a cubical dilatation of 0*000526 per 
degree Centigrade, an expansion greater than that of any other solid hitherto examined. 

45. Mr . Gough has stated that the specific gravity of india-rubber is iixcreased by 

it; and to this he attributes the heat thereby evolved. The experiment, how- 
a yecy delic# 0 : one, and it does not appear that this philosopher possessed the 
‘ niesiink . efTannri^ • Result. My experience with vulcanized india-rubber 

leads conclusion. I weighed elastic bands 

alternately-stretched and ufiStretehed- in Svater. The result of the first series of experi¬ 
ments that the bands unstretehed had a specific gravity -996Q57, but when pulled 
twice their natural length, ‘994641. : The second series gave rne for the specific gravity 
r qf jihe unsrietched bands *990918, but when-pulledto two and a half times the natural 
tengthi‘988483. The same , vulcanized india-rubber bands were used in both series, and 
the diminution of the specific gravity in the second series is owing to the. constant loss 
pf Sulphur^ place.; On account, however, of the alternation of-the expf«hhen|s in 
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each series, this circumstance does not affect the conclusion that the action of tension on 
a band of vulcanized india-rubber sensibly diminishes its specific gravity. 

46. In my experiments on the thermal effects of stretching vulcanized rubber, a piece 
about fths of an inch square,' and weighing 1452 grs. to the foot, was employed. The 
upper end was made fast, and to the lower, weights could be applied and removed at 
pleasure. A thermo-electric junction of thin copper and iron wires was inserted in a 
slit made in the direction of the length of the thong and near its middle. Also pins 
were stuck into the rubber at 4 inches distance from each other, in order to measure its 
length under various tensile forces. The following is a Table of results:— 


Stretching 
! weight in 
| pounds. 

Length of measured 
part, under tensile 
force, in inches. 

Deflection of 
thermo-multiplier. 

Thermal effect 
indicated by 
the deflection. | 

1 

0 

4 

0 / 

0 

0 

0 

2 

4-06 

-V4 

-0-003 

4 

4*12 

-2 

-0-004 

7 

4-3 

-2-4 

-0-004 

14 

4-8 

-0-5 

-0-001 

21 

5-21 

7‘9 

0-014 

28 

5-8 7 

29-1 

0-053 

85 

6-6 

51-9 

0-095 

42 

7*25 

1 15*7 

0-137 

49 

7*75 

1 39-3 

0-180 


47. The data for turning the deflections in the third column into the thermal effects 
in the fourth, were obtained by immersing the rubber, to a point above the place where 
the thermo-electric junction was inserted, in water of different temperatures. 

48. These experiments developed the following facts1st. That the effect of laying 
on the weights was not sensibly different in quantity from the reverse effect of removing 
them. 2nd. That with light weights and a low temperature there was a slight cooling 
effect on the application of tensile force, which, first increasing with the weights laid on, 
ul tima tely, changed into a heating effect, increasing much more rapidly than the stretch¬ 
ing weight. 

49. The temperature of the thong during the experiments was 7°'8. I found that at 
temperatures a few degrees higher, the reverse action with weak tensile forces did not 
take place, but that there was, on the contrary, a very slight heating effect. 

50. Professor Thomson suggesting to me that in tholse circumstances in which the 
rubber was heated by being stretched, it would contract its length under tension when 
its temperature was raised, I arranged the same piece with which the foregoing experi¬ 
ments were made in the manner already described in the case of common india-rubber. 
The method pursued was to observe the lengths at several temperatures successively 
raised, and then at similar temperatures descending. The necessity for this arose from 
the circumstance that a gradual elongation took place, particularly at the higher tem¬ 
peratures, and by taking the mean, of the ascending and descending series, I hoped to 
eliminate the error thus arising. ; 1 give the folipwiiig experiments in the order in-which 
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Tensile 
force in 
pounds. 

Temperature 

successively 

raised. 

Length 
in inches. 

Temperature 

successively 

lowered. 

Length. 

Mean tempe¬ 
rature of the 
two series. 

Mean 

length. ^ 

Shortening 
per degree 
3ent. from 0°. 

14 { 

13*4 

22-5 

32 

48*6 

4*899 

4*894 

4*888 

4*888 

9*2 

21*5 

30*8 

5*008 

4*979 

4*952 

0 

11*3 

22 

31*4 

48*6 

4*953 ‘ 
4*936 
4*920 
4*888 

► TsV? 


7*9S 

22 

33*2 

50*1 

4*569 

4*526 

4*481 

4*468 

8 

19*1 

31*5 

4*476 

4*480 

4*481 

7*97 

20*55 

32*35 

50*1 

4*522 

4*503 

4*481 

4*468 

^ r£n 

“{ 

2*8 

18 

33 

50 

5*497 

5*468 

5*458 

5*459 

6 

17*4 

32*4 

5*661 

5*612 

5*540 

4*4 

17*7 

32*7 

SO 

5*679 

5*540 

5*499 

5*459 

* VT5T 

«/ 

■{ 

1*4 

18 

33*6 

49*6 

6*398 

6*298 

6*224 

6*153 

4*4 

18 

34 

6*513 

6*435 

6*302 

2*9 

18 

338 

49*6 

6*455; 

6*366 

6*263 

6*153 

r Ttrtrr 

35 | 

1*8 

19 

34 

49*8 

7*467 

7*264 

7*121 

7*009 

3*4 

18 

33 

7*589 

7*432 

7*250 

2*6 

18*5 

33*5 

49*8 

7*528 

7*348 

7*185 

7*009 

^ vir 

42 | 

' -0*4 

17 

34 

50 

8*604 

8*415 

8*195 

8*020 

2*6 

16*6 

32 

8*792 

8*575 

8*327 

• M 

1*1 

16*8 

33 

50 

8*698 

8*497 

8*261 

8*020 



51. The above results completely justify the anticipation of Professor Thomson, and, 
as we shall presently see, afford a remarkable conJinnation of his theory. Before, how¬ 
ever, instituting a comparison between theory and experiment, it will be proper to 
observe that the length of the rubber at the low temperatures beginning and ending each 
experiment show a gradual elongation. To this circumstance chiefly is it owing that so 
considerable a shortening effect took place with 7 lbs. tension; for a tensile force of 
14 lbs. hav ing been just previously tried, a certain amount of increased length of the 


nature of stftwas produced, which being taken out by heating the rubber under less 
tentibh, caused a greater apparent contraction by heat. On lowering the temperature 
* toftk place, which, being corrected for the gradual elongation 

’ the 'arpansioh by heat under' the tension of 7 lbs. 

52,Theshowingestimate, compared with the expert* 

j ’of 7 lb®* i*"** - . 1 
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Weight laid on 
in pounds. 

J 

P> 

*, or mean 
expansion 
by heat be¬ 
tween per¬ 
manent and 
temporary 
tension. 

1. 

8 

1 

— f 

W 

or recipro¬ 
cal of mean 
weight per 

Theoretical 
result, or 
product of 
the pre¬ 
ceding five 

Experi¬ 
mental re¬ 
sult taken 
from the 
foregoing 
Table. 

Experi¬ 
mental re¬ 
sult cor¬ 
rected for 
elongation 
of rubber 

Permanent. 

Temporary. 




foot. 

columns. 

by use. 

0 

7 

281 

1390 

-7 

+-1_ 

9009 

1 

*415 

i 

‘1917 

-6*002 

-6-004 

-6*004 

7 

14 

281 

1390 

-7 

_ 1 

5003 

1 

*415 

l 

•1759 

1 

+ 0-004 

+0-003 

+ 0-003 

14 

21 

281 

1390 

-7 

_ 1 

2435 

1 

*415 

1 

•1576 

+ 0-009 

+ 0-015 

+ 0-016 

21 

28 

281 

1390 

-7 

“i® 

1 

•415 

1 

•1383 

+ 0-018 

+ 0-039 

+0-043 

28 

35 

281 

1390 

-7 

_J_ 

814 

1 

*415 

1 

•1194 

+ 0-035 

+ 0-042 

+ 0-047 

35 

42 

281 

1390 

-7 

— 1 

656 

1 

•416 

1 

•1031 

+ 0-050 

+ 0-042 

+ 0-050 

. .. 

0 

42 






+0-114 

+0-137 

I +0-155 


53. In the last two columns of the above Table are recorded the actual quantities of 
heat observed in the experiments given in (46), and the same corrected on account of 
the thong not hav ing then been so much stretched by use. I am of opinion, howevei, 
that this circumstance would not cause any material difference in the thermal effect of a 
given strain, and that therefore the last column but one is the proper one to compare 
with theory, which it will be found to do quite as well as could have been expected. 

54. After the experiment on the contraction by heat of the thong when it was 
stretched by 42 lbs., I removed all the weights except 2 lbs., and then a day or two 
afterwards observed as follows:— 


Temperature 

successively 

raised. 

Length. 

Temperature 

successively 

lowered. 

Length. 

Contraction per 
degree of tem¬ 
perature raised. 

Contraction per 
degree of tem¬ 
perature lowered. 

—0-4 

4*445 

3°2 

4-236 


; , . ; 

25 

4-339 

26 

4-251 

Tjfrt 

a/flo 

50 

4-36 

50 

4-26 




65. It will be observed that the effect of a rise of temperature in the above experi¬ 
ment was to take out the set which had been given to the thong by previous experirqen'te 
at higher tension. Afterwards, the effect of cooling, as shown in column 4,, 
traction so great, as to prove that the set continued to be taken out after the heat whieh 
its removal was withdrawn. That this was the case was proved by. repeat¬ 
ing the experiment several times, using the same weak tension of 21b& £ when the 
leegths at and, 52°*8 vrere found to be 4-241 and 4*2|4res^ptiyely, indicating an 

; ; e*pansiopof oidy.qpijvw pec 1 , degree/'-V; : V; • 

56/ On, 1 S^aoa^dieaM^S warmth, Jiie thong 
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returned to the same length it had at the commencement of .my experiments with it, 
viz. exactly 4 inches. 

57. In order to try the thermal effects of stretching vulcanized india-rubber for a 
greater range of tensions, I inserted a very fine thermo-electric junction into the breadth 
of an elastic ring 2 inches in diameter and weighing 30 grains. The ring, when pulled 
sufficiently to make the two sides parallel, became a double band 3-3 inches long, which 
elongated further to 6-8 inches with a tension of 2| lbs. The results I arrived at are 
as follow:— 


Permanent weight 
in pounds. 

Length with 
permanent weight 
in inches. 

Weight laid on in 
addition to the 
permanent weight. 

Length with the 
additional weight. 

Thermal effect 
in 

degree Centigrade. 

0 

3*3 

2*5 

6-8 

0*110 

2*5 

6*8 

2 

10-9 

0*242 

4-5 

11 

2 

14-6 

0*330 

6*5 

14*8 

2 

17*2 

0*132 

8-5 

17*8 

2 

18*5 

0088 

10*5 

18*9 

2 

19'4 

0*068 

12-5 

19-7 

2 

20*1 

0*004 

14*5 

20*5 

4 

20*9 

0*001 

18-5 

21*1 

2 

21*3 

0*009 

20*5 

21*7 

4 

22 

0*044 

24*5 

22 

4 band broke* 



Sum... 

1*028 


58. The Table shows that the rise of temperature occasioned by stretching vulcanized 
mdiarrubber bands up to their breaking-point is about 1° Centigrade, a quantity which 
I regard as erring somewhat in deficiency, owing to the attenuation of the band under 
"high t ension preventin g the full communication of heat to the junction. The thermal 
effect is evidently greatest when the rubber receives the greatest elongation by an addi¬ 
tional weight. When the band was stretched to six times its original length, little 
further elongation took place by increasing the tensile force, very little thermal effect 
being at the same time produced. I thought it possible that in this case a small cooling 
effect might, exist, but after many trials did not succeed in finding it, owing probably to 
factymad generation of heat near the breaking-point. 

' physical properties of this substance have great interest, from its 

and luxuries of mankind. On making experiments on 
the and compression. I soon.found anomalies which 

induced hie 'fome lengtlfits expansion hy heat, its elasticity, and the 

variations of these arising from such modifjdng influences as temperature, moisture, and 

tension. - \ v . \,v ' f 

• .r':$0s The ,apparatus I employed will he f , understood from the following sketch, in 
which Ja wooden rod is represented as passing through, a glass tube, which again 
passes through a wide tube of gutta percha. This latter fits tightly at its lower end 
jgn foe g^fnbe,'’vrhifo: again is rn&de. tight to the wood by means of a piece of india- 
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rubber tube. Mercury or water may be poured into the interstice between the glass 
tube and the wooden rod, and so serve as the means of convection of heat from the 
water with which the gutta-percha tube is filled. A. stopcock 
enables one to change this water when desired. The ends of 
the rod are held by suitable clamps, which are attached, one to 
a firm upper support, the other to a lever of which one extremity 
has a knife-edge resting on a steel plate, and the other is fur¬ 
nished with a micrometer consisting of a glass plate, divided into 
-girths of an inch, examined by a microscope. The weight of the 
lever alone produced a tension of 35 lbs., which could be further 
increased by the addition of weights. When a very weak tension 
was desired, a lighter lever was employed. 

61. Pr eliminar y trials informed me of the time (never exceeding 
five minutes) required to bring the rod sensibly to the temperature 
of the water in the gutta-percha tube; I also found that the most 
ready means of obtaining unif orm temperature in this water was to 
fill the tube twice, allowing a little intervening time. The obser¬ 
vations of the micrometer were generally made at intervals of five 
minutes; the first observation being at a low temperature, the 
second at a high temperature, and the third at a low temperature again. The mean 
of the first and third observations gave me the length at the low temperature, the differ¬ 
ence between which and the length at the high temperature, gave me the expansion of 
the rod. When a high tension was employed, gradual elongation frequently took place 
for so long a time, that I did not wait till it had entirely ceased. The system of 
observation employed was, however, such as prevented error arising from this circum¬ 
stance; and since the gradual elongation was more rapid as the temperature was raised, 
the precaution was taken to expose the rod to the high temperature for the same 
space of time immediately before and after each micrometer observation at the high 

temperature. . 

62. Bay Wood .—The piece selected was well seasoned and very Straight in the grain. 
Its length was 46*63 inches; the part passing through the glass tube and exposed to 
change of temperature measuring 33 inches. The diameter of the rod was -fths of an 
mcb ; and its weight, in the first instance, about 196 grains to the foot. Mercury poured 
into the inner glass tube formed the means of conducting heat from the surrounding 
water to the rod. The following Table contains the observed expansions after various 
intervals of time;— 


Fig. 7. 


m 



MJXXJCLIX. 
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Interval of time between the 
successive determinations. 

Tension on the rod, 
in pounds. 

Expansion 

per degree Centigrade. 

A few hours. 

35 

•000004613 

435 

•000005665 

Two or three days . 

35 

•000004372 

A few hours. 

435 

•000005685 

Two or three days . 

35 

•000003952 

A few hours. 

435 

•000004699 

Two or three days . 

35 

•000004003 

A few hours .. 

435 

•000004850 

Mean for 

35 

•000004235 

Mean for 

435 

•000005225 


63. The above experiments manifest most strikingly the effect of tension in increasing 
the expansibility of wood, that with 435 lbs. being nearly one quarter greater than that 
with only 35 lbs. The gradual diminution of the coefficient perplexed me a good deal 
at first, particularly as the mercury in contact with the wood prevented the access of air 
to its sides, but I was ultimately able to refer it to the gradual absorption of moisture 
through the pores in the direction of the length of the rod. 

64. The rod was now exposed to a tension of 435 lbs. for twenty-two days, at the end 
of which time its expansion by heat was found to be ’000004784. The weights were 
then removed so as to reduce the tension to 36 lbs. After remaining two days in this 
state, the first effect was found not to be expansion, but, on the contrary, a contraction 
amounting to -000002408 per degree. Then the subsequent application of cold pro¬ 
duced a contraction of -000005705. On raising the temperature again after an interval 
of five minutes I found an expansion of *000002170, and then on cooling, a contraction 
of *000005017. After twenty minutes I found that the expansibility by heat, indi¬ 
cated by the mean effect of raising and depressing the temperature alternately, was 


•000003575. 

65. From the above it appears that wood has to a certain extent the property pos¬ 
sessed by indiarrubher, of returning from a state of strain on the application of heat. 
Mr. HoDGXiirsoN has observed this property in iron; I have noticed it in whalebone, 
.hair, leather, and to a slight extent in copper. 

.;;' '66.,-'The. increase of expansibility with tension suggested that the force of elasticity of 
hi a rise of temperature. To try this I affixed a graduated glass plate 
7 ), while parallel and close to it another divided 
rod. The extension of the rod under various ten¬ 
sile forces was thus read.offhy meahs of a Mcrosdope in j^yths of an inch and fractions 
of the same The mean of several series of 

trials gave me, at a low and high temperature, die following indications of the micro- 
. meter, with stretching weights increased by 100 lbs. at a time until 435 lbs., and then 
fee successive removal of fee weights again. 
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Tension. 

Micrometer observations, 
the temperature of the 
wood being 15*99. 

Micrometer observations, 
the temperature of the 
wood being 41 r *78. 

35 

0 

0 

135 

4*199 

4-381 

235 

8-539 

8*914 

335 

12*890 

13*41-5 

435 

17-135 

17*743 

335 

12*830 

13*392 

235 

8-579 

8*968 

135 

4-373 

4*602 

35 

0-231 

0*268 


67. 17*135——=17*02, and 17*743-^-=17*609, which, are therefore the elastic 

strains in -g^ths of an inch, produced by a tension of 400 lbs. at the respective tem¬ 
peratures 15°*99 and 41°*78, the length of the rod being 33 inches. These results, 
reduced to unity of length and temperature, give the difference between *000099953 
and *000103410, or *000003459, as the quantity by which the expansion by heat of 
the wood ought to be increased by adding a tension of 400 lbs. Referring above, it 
will be seen that this increment is actually only about *000001. I believe that two 
causes are concerned in producing this discrepancy. In the first place, I have reason 
to ri>inlr that when tension is applied to wood and various other substances, a strain 
takes place of the nature of set besides the true elastic strain, which set is almost in¬ 
stantaneously taken out again on the removal of the tension; also that this temporary- 
set increases with the temperature. Secondly, I think that when the expansion by heat 
of a body under tension is observed, the tendency of heat to take out set operating in a 
contrary direction to the expansive action, causes a slight apparent diminution of the 
latter. It will thus happen that the apparent decrease of elasticity by heat is greater 
than the real, while the apparent increase of expansion by heat, in. consequence of the 
application of tension, is less than the real. These observations will be found to receive 
further co nfirmati on from the phenomena of the elasticity of moistened wood, and also 
in the case of whalebone, a substance in which the characteristics of wood as regards 
set are very strongly developed. 

68. Young’s modulus of elasticity, deduced from the above data in terms of the 
length of a rod weighing one lb. to the foot, which would be extended by unity by the 
tengiift force of one lb., is 5539710 and 5354349 for the temperatures 15°*99 and 41°*78 
respectively. 

69. The same rod of bay wood was now employed to determine the effects of hygro- 
metric condition on its expansion and elasticity. Mercury or water was employed as 
the . medium for conducting heat between the glass tube and the wood. When mercury 
Was employed, some inconvenience resulted from its entry into the. pratesofthe wood. 
Ultimately I found that the heat was conveyed wijh sufficient rapidity when air only 
occupied the narrow space intervening between the glass and the wood. 
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Remarks. 

Weight of 
rod per 
foot in 
grains. 

Medium of 
communica¬ 
tion of heat 
between the 
glass tube and 
the rod. 

Tension 
in pounds. 

Limits of tempera¬ 
ture between which 
the experiments 
were made. 

Linear expansion 
or contraction 
per degree 
Centigrade. 

Young’s modulus of 
elasticity or length of 
rod, 1 lb. per foot, 
which would be 
extended unity by 
one lb. 

Moistened by immersion in 1 
water a short time. Ex¬ 
periment made half an 

m 

Mercury ... 

{ 

35 

435 

0 0 

42*27 and 15*2 
42*3 and 16*01 

•000002255 E. 
•000004109 E. 


hour afterwards . 

Moistened further hy im-" 
mersion under water 
forty hours. Experiment 

827 

Mercury ... 


r 35 

35 

35 

21*6 and 10*8 

33 and 13*3 
49*6 and 11*7 

0 

•000000176 E. 
•000000436 E. 

5721154 at 38-2 
6086956 at 12-4 

made shortly afterwards . 

Dried before a Are fori 
twenty hours .J 

196 

Mercury ... 

■ 

[435 
? 35 
[435 

37*33 and 13*4 
40*6 and 12*3 
40*6 and 13*6 

•000001140 E. 
•000004555 E. 
■000005481 E. 

7472530 at 13 

Immersed in alcohol fori 
two days .J 

After immersion for one 
week in water, sp. gr. > 
being then 0*82 .. 

215 

291 

Alcohol ... 

Water . 


35 

435 

f 35 
[435 

31*5 and 12*8 
37*05 and 14*72 

39*3 and 12*7 
36*5 and 13-5 

•000002692 E. 
•000003000 E, 

•000000388 C, 
•000000327 E 

5948141 at 10-4 
. 5242724 at 37 

After it was kept warm be- ^ j 
fore a fire for five days 
in frosty weather it be¬ 
came electrified on nib- - 

176 

Mercury ... 


35 

39-3 and 11*7 

•000004516 E 

. 7309582 at 13 

bang it with the hand, 
and retained its charge 
a tong time ..> 








70. Deal .—My next experiments were on a rod of St. Joka’s Pine, perfectly free from 
knots and straight in the grain. Its diameter was f-ths of an inch, and the length sub¬ 
jected to thermal influence 33 inches, as before. 


Remarks as to the condition 
of the wood. 

Weight of 
rod per 
foot in 
grains. 

Proximate 

specific 

gravity. 

Medium of 
communica¬ 
tion of heat 
between the 
glass tube 
and the rod. 

Tension 
in pounds. 

Limits of tempera¬ 
ture between which 
the experiments 
were made. 

Linear contrac¬ 
tion or expansion 
per degree 
Centigrade. 

Dried by remaining before a fire a few ] 
•hours .. J 

132-4 


Mercury 

f 35 
\ 235 

41-7 

41 *5 

and 13*43 
and 15*41 

*000004277 E. 
•000004379 E. 

Moistened by immersion for A fewl 
hours in water... . j 

172 

•557 

Water . 

35 

48-7 

and 15*36 

*000000768 E. 

Boiled in water, and then left im-\ 
mersedin cold water some hours .. . J 

241-2 

•761 

Water. 

f 35 
\ 35 

41 

24-5 

and 12*78 
and 1.2*98 

*000000377 C. 
•000000360 C. 

Left immersed in water three days 1 
^ * tohgflt #v* m 4^*Ag. *if * * IV *.««*'»4 • i* • V J 

' water _ , V*, *'«w ^ 

“ 1 J j lr '>' J' ’* ’•4*jj, ' r W 1 

872*4 ] 

•654 

Water . 

35 

48*7 

and 14*62 

•000000636 C. 

303*6 

«,<(»*« 

Water . 

■I 

12-7 

86*4 

40*8 

63*6 

and 8*7 
and 7*5 
and 28*8 
and 38*6 

•000000235 C- 
*000000260 C. 
*000000088 E. 
•000000446 E. 

Dried before a fire fbr wertl $ays,1 

1 until it could be electrified by nib* | 
„ bing With theiiaMd. ................ ,Lv j 

! evened With pifcph .................. u... 

^l&3-8 r 

Hi-s 

■J r 

* , >HMI " 1 

Air 

'' , i j ^ 

Air^U’-v** 

35 

sis ■ 

37*16 

32*2 

^andll‘57 

and: 18*83 

•000004342 E. 

; *000004030E. 


y \ etti across the gram,--!£ hb. speomens were cut at right angles to the pores 

of’the woodi but obliquely in respect to the concentric rings which-inchoate the groyrth 
of the tree. * The length subjected to thermal influence was 12 inches. 
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Remarks on the 
condition of 
the wood* 


Dried before the fire 
for several days un¬ 
til it could be elec¬ 
trified by rubbing 
with the hand, and 
retain the charge a 
long time . 

Boiled in water a few 
minutes, then left 
immersed in water 
for one day. 


Medium of 

Proximate ^“ a ; 
Of rod onecific tl0n of heat 

per foot JgS? between the 

ingrains: graVlty * glass tube 
and the rod. 


Medium of Limits of tem- T . . 

commumca- perature between contrac¬ 
tion of heat Tension the expe . tion or expansion 

between the in pounds, -^nents were P er 
glass tube ma( j e , Centigrade. 


•428 Mercury .. 


M22 Water 


lbs. oz. 0 o 

f 4 5 36*9 and 7-35 -000041666 E. 
1 16 5 38*5 and 8*9 *000045928 E. 


Young’s modulus of 
elasticity or length of 
rod, 1 lb. per foot, 
which would be 
extended unity by 
1 lb. tension. 


203732 


33*1 and 4*38 *000004497 C. 
53 and 6*1 *000006455 C. 


72. The length of the wood saturated with water was 1-062 of its length in the dry 
state. In the saturated condition it broke after a tension of 17£ lbs. had been applied 
for half a minute. The specific gravity of the wood, considered apart from the air or 
water absorbed, was found to be 1-506. 

73. The following Table contains the results of experiments with a rod of deal, simi¬ 
lar to the last, also cut across the grain 


Remarks on the condition of 
the wood. 


per foot 
in 

grains. 



Medium of 
communica¬ 
tion of beat 
between the 
glass tube 
and the rod. 

Tension 

in 

pounds. 

Limits of tempera¬ 
ture between which t 
the experiments 
were made. 

Mercury 

4-3 

37°*5 Md 10*9 

Mercury 

4-3 

35*1 and 10*7 

Mercury 

4*3 

• 

41*3 and 10*91 

Mercury 

4-3 

43‘2 and 10*95 

Water... 

/ 4*3 
17-3 

34*5 and 13*25 
27*2 and 12*12 

Air ...... 

Water ... 

1 Air....;- 

■ "Water... 

4*3 

4*3 

4*3 

4*3 

39*03 and 12*8 ^ 
34*9 and 12*7 
37*38andl3?3 

43# l®di6 •- 

•* * Je *- 1 r : 


Young’s modulus 
of elasticity or 


be extended unity 
by 1 lb. tension. 
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Table (continued). 


Remarks on the condition of 
the wood. 

Weight 
of rod 
per foot 
in 

grains. 

Extreme 

length 

in 

inches. 

Medium of 
communica¬ 
tion of heat 
between the 
glass tube 
and the rod. 

Tension 

in 

pounds. 

Limits of tempera¬ 
ture between which 
the experiments 
were made. 

Linear contrac¬ 
tion or expansion 
per degree Centi¬ 
grade. 

Young’s modulus 
of elasticity or 
length of rod, 
weighing 1 lb. per 
foot, which would 
be extended unity 
by 1 lb. tension. 

Dried still further . 

Water poured between the 1 
glass tube and the rod. > 
Then after a short time ... J 

After ten minutes more had 1 
elapsed.J 

After another ten minutes. 

I After another ten minutes. 

After another ten minutes; 1 
sp. gr. *5646 . ... J 

Dried some hours in a mode-1 
rately heated oven .j 

Immersed in oil under the’ 
exhausted receiver of an ■ 

! air-pump .. 

231-5 

27^-3 

206 

329 

16-48 

16-656 

15-55 

15-54 

Air. 

Water... 

Water... 

Water... 
Water... 
/Water ... 
\Air . 

Air. 

Air. 

4-3 

4*3 

4-3 

4-3 

4-3 

4-3 

4-3 

1 4-3 

4-3 

37-7 and 10-24 

37*2 and 10-3 

40- 9 and 12-15 

37-6 and 12-3 
42 and 12-3 
39"34 and 12*53 

37- 5 and 9'7 

41- 5 and 9*77 

38- 8 and 10-6 

•000084212 E. 

•000058836 E. 

•000019457 E. 

•000004815 E. 
•000001017 c. 
•000002951 C. 
•000000817 C. 

•000038620 E. 

•000043670 E. 

96170 

82430 


74. The specific gravity of the wood, considered apart from the air or water in its 
pores, was in the above specimen found to be T595. 

75. The follow ing are deductions from the above experiments:—1st. That tension 
increases the expansibility of wood by heat. 2nd. The expansibility of dry wood cut 
across the grain is about ten times as great as its expansibility when cut in the direction 
of the grain. 3rd. The length of wood cut longitudinally is a little increased by the 
absorption of water; but when cut crossways, a very great augmentation, as is well 
known, takes place. 4th. When water is absorbed into the pores of wood cut longi¬ 
tudinally its expansibility decreases, until ultimately it passes into contraction by heat. 
5th. When water is absorbed into the pores of wood cut across the grain, its expansibility 
appears to increase in the first instance, then decreases until it changes into contraction, 
which, after increasing with the absorption of water to a certain point, seems to diminish 
as the wood becomes completely saturated. 6th. Cut lengthways, the elasticity of wood 
appears to be lessened by the presence of water; when, however, it is cut across the 
grain, the effect of moisture is very greatly to impair the elastic force. 7th. A short 
period of immersion enabled wood cut crossways to take up sufficient water to make 
it contract by boat ; but, on the contrary, wet wood partially dried on the surface is 
expanded by heat So that we may have contraction or expansion of wood charged to 
the same extent with water, according probably to peculiarities in the distribution of 
the water among the pores. i 

76; YVhen wet w6od, cut across the grain, is, dried, it gets shorter very gradually, in 
cif a tendency to retain its' former ffitmensions The strain thus arising may 
- the; temperature; which speedily reduces the wood to the length 

^dne dryness. * The same kind of effect takes place, hut in the reverse 
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order, in wood which is taking up water. It does not immediately assume the length 
due to the state of hygrometry, but if heated the set is taken out, and the wood expands 
to its proper length. 

77. Inasmu ch as at a certain degree of humidity wood contracts in every direction 
with a rise of temperature, it might be inferred that on weighing it in water its specific 
gravity would be found to increase on the elevation of temperature. Such, however, is 
not the fact. A piece of saturated wood, being part of the specimen employed in the 
last series of experiments, was found to weigh 392-6 grs. in air, 42-26 grs. in distilled 
water at 0°, and 42-01 grs. in distilled water at 8°. Hence the cubical expansion was 
•0000892 per degree, but calculated on the wood considered apart from the water in its 
pores, -000396. Therefore on raising the temperature a decrease of specific gravity 
occurs simultaneously with a diminution in the external dimensions of the wood. This 
can only tak e place in consequence of a contraction of the surfaces of the walls of the 
cellular structure, while the actual bulk of the material of which they are composed is 
increased, a certain minute quantity of water exuding at the same time. 

78. The phenomenon in question is therefore, I believe, owing to capillary attrac¬ 

tions, which, diminishing with elevation of temperature, has the effect of removing a 
part of the swelled condition due to that action. Dr. Young has given -^-g- as the 
descent of water in a narrow tube due to a rise of temperature of 1° Cent. The fraction 
arrived at by M. C. Wolf is To a PPty the latter estimate to the foregoing 

results, we find from the last Table that between extreme dryness and perfect humidity 
the wood increased in length from unity to 1*068. Hence, on the hypothesis that the 
contraction by heat is owing to diminution of capillary attraction, it ought to be equal 
to *0001293 minus the expansion in the dry condition. An examination of the fore¬ 
going Tables will be found to afford ample support to this view. 

79. Baton Cam .—My observations of the expansion and elasticity of this substance 
are comprised in the following Table. The length exposed to thermal influence was 
33 inches. 


Remarks on the condition 
of the wood. 

Weight 
of rod per 
foot in 
grains. 

Medium of 
communica¬ 
tion of heat 
between the 
glass tube and 
the rod. 

Tension in 
pounds. 

Limits of tempera¬ 
ture between which 

the experiments 

were made. 

- 

Linear contrac¬ 
tion or expan¬ 
sion pelr degree 
Centigrade. 

Yottng^s modulus of ; 
elasticity, or length of 
rod, weighing 1 lb. per 
foot, which would be 
extended unity by 1 lb. 
tension. 

}-.— --—" 

Dried by placing it before a 1 
flie for a short time J 

150*2 | 

Mercury ... 

f 35 
\ 91 

25*3 and 11*67 
28*05 and 12*0& 

•000024760 E. 
•000027000 E. 

' H 

'1094242 at 10-6 
918179 at 34 
956720 at 29 

Wetted byimmersion under \ 
water for a few hours... j 

2Q8 

Water ...... 

35 

26*6 and 11*04 

•000001436 C. 


1048546 at 12 

| ftre 

145 

Mercury 

35 

27*8 and 11 *1 

• -- ____ r>... 

•000016740 E. 


1214179 at i2 


80. ’the. following axe the xestdts of my expqrim^te vine, and poplar. These 

were sguragts, They were cut from 
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the tree in November, directly before the experiments. I have also inserted m the Table 


the expansion and elasticity of wheat-straw. 


Kind of wood, &c. 

Weight 
of rod per 
foot in 
grains. 

Medium of 
communica¬ 
tion of heat 
between the 
glass tube and 
the rod. 

Tension in 
pounds. 

Limits of tempera¬ 
ture between which 
the experiments 
were made. 

Linear expansion 
or contraction 
per degree 
Centigrade. 

Young's modulus of 
elasticity, or length of 
rod, weighing 1 lb. per 
foot, which would be 
extended unity by 1 lb. 
tension. 

Rose wood in the green 1 

171*6 

Water. 

f 35 

4 $ and 14-53 

•000000240 E. 


state, the bark not re- V 
moved; sp. gr. *638 ... J 

{91 

42 and 16 

•000001101 E. 




Vine in the green state, 1 
bark not removed . J 

116 

Water. 

35 

28*6 and 11*3 

•000002121 E. 


Poplar in the green state, 1 
bark not removed . J 

168*6 

Water . 

f 35 
\ 40 

23*2 and 10 

39 and 9 

•000000773 C. 
•000000037 E. 


Wheat-straw dried before \ 

14*8 

Air . 

5*2 

33*4 and 11 

•000004865 E. 

3520625 

a fire . J 





Wheat-straw moistened by ] 

38*1 

Air .. 

5*2 

16*8 and 12*13 

•000000329 C. 

982978 

immersion in water ...J 






81. Cane, lik e wood cut in the direction of the grain, increases slightly in length in 
consequence of being moistened. The expansion by heat being diminished at the same 
time, it follows that the increment due to moisture is less when taken at a high than at 


a low temperature. 

82. The following Table records my observations on the expansion and elasticity of 
paper, leather, and whalebone. The length exposed to thermal influence was 33 inches. 




Medium of 




Young's modulus of 

Remarks. 

height 
pfer foot 
in grains. 

communica¬ 
tion of heat 
between the 
glass tube and 
the substance. 

Tension in 
poundB. 

Limits of tempera¬ 
ture between which 
the experiments 
were mode. 

Linear expansion 
per degree 
Centigrade. 

elasticity, or length, 
weighing 1 lb. per foot, 
which would be ex¬ 
tended unity by 1 lb. 
tension. 

A strip of cardboard one- ] 
third of an inch broad, j* 
dried before a fire ..J 

35 

Air .. 

5*2 

39*4 and 9*4 

•000015780 





A strip of cardboard one-'l 







third of an inch broad, 
moistened with water, 
which increased its 

39*8 

Air .. 

5*2 

40*3 and 11*5 

•000026520 





length ^th.'. ) 

A strip of cardboard one-" 
1#A pf att hush broad, 

• 47 

Air .* 

5*2 

39*45 and 12*.2 

•000028950 


■ ' 






■ 

Cowskin leather dried be- \ 
fore a fire; A narrow strip / 

.17-55 

Air ^. 


■27*77 and 11*5 

•000038720 

227586 

Cowskin leather moistened \ 
with water .. J 

19*95 

Ait .«.....». 

; 5-2 

29 and 10*47 

•000047116 

167813 

Cowskin leather moistened 1 

25*8 

Air 

m 

24*25 and 9*75 

•000054401 . 

118642 

stillfnrther ... J 

Whalebone, a strip one-' 

, * terd ef jn inch broad. 

* v - Dry.'............ 

• 60 

Air 

f 35 

170 

24*4 ahd 9*27 
24*35 and 9*8 

•000052200 

•000055020 

1 1176554 at 10° 


i 

Y^ehonk i Strip pne^ * 

' 



23*7 and 11 

•000024870 

■ 

i* •' third of minoh broad, ’ 

i 71*8 ' 

Air ......... 

5-2 

i m t 

1 ^inoktened withwat^r..., 

i V ^ ^ J. > 



% ^ r ' > * 

'y:-" : r^X, 
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83. It will be observed tbat an, increase in the expansibility by heat of paper and 
leather was produced by moisture. It is probable, however, that had they been more 
thoroughly saturated, the expansion would again diminish, as in the case of wood cut 
across the grain, in which, although the expansibility in the first instance increased with 
the application of moisture, it ultimately changed into contraction when the wood 
became more completely saturated. I think that a cause ten ding to increase the expansi¬ 
bility in consequence of the application of moisture exists in every case; but that it is 
modified, and in wood sometimes completely overcome, by the effect of decreased capil¬ 
lary attraction with rise of temperature, to which I have already adverted. 

84. Upon the facility with which hot moistened whalebone can be moulded into 
form, and the permanency with which it keeps the shape in which it is cooled, much of 
its use in the arts depends. When heat is applied to whalebone, thus cooled in a con¬ 
strained state, it at once returns to its original shape. Even when cold moistened whale¬ 
bone is strained, it returns almost immediately to its original dimensions on the appli¬ 
cation of heat. The slip of moistened whalebone employed in the experiments recorded 
in the last Table, 46 inches long and weighing 7T8 grains to the foot, became rapidly 
stretched 7 inches longer by a tension of 64 lbs. Left to itself after the tensile force was 
removed, it began to return gradually towards its original length, which however it at 
once assumed on immersion in hot water. 

85. The apparent elasticity of whalebone is always somewhat less than the real, owing 
to the observed elongation, when tension is applied, consisting of a considerable amount 
of set as well as of elastic strain. Also when the tensile force is removed, the contrac¬ 
tion which takes place consists of the return from set as well as of the elastic recoil. 
The interesting phenomena connected with imperfect elasticity might, I think, be very 
advantageously studied in this substance. The limits I had set myself did not, however, 
allow, me to do more than obtain the following determinations of its elasticity in the 
dry state at two different temperatures, and with various intervals between the applica¬ 
tion or r em oval of tension and the corresponding observations. 


Time allowed to 
elapse between laying 
on or taking off a 
tensile force of 35 lbs v 

Young’s modulus of apparent elasticity,. 
or length of rod, weighing l lb. per foot, which 
would be extended unity by I lb. tension. 

and making the ob¬ 
servation of length. 

At 10°'l. 

At 30°-l. 

15" 

1176554 

962450 

30" 

1147383 

927100 

V 

1119624 

894545 

St' 

1(180415 


4> 

1043860 


15' 

1028395 



922481 



86l m TTooi^My first on a square rod 

of stra%ht^raiaed pirid, Arfed, ^nd weighing 1S2'4 g^ajns td the ifoot* A thermo-electric 
: junction of .tbin;'co|fger into it, itsmpper extreiMty 

mdcoclix. 'VIV-.'- • - ■ 
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was clamped to a firm support, and the lower attached to a lever giving a tension ol 
35 lbs. On applying an additional tension of 200 lbs., the motion of the needle of the 
thermo-multiplier indicated cold; on removing the tension, a reverse motion of equal 
extent indicated the evolution of heat. The mean of several trials gave me 9'*87, the 
thermal value of which, determined by immersing the junction in water of various tem¬ 
peratures, was •01364. Owing to the large surface of the wood as compared with its 
capacity for heat, it was affected by the temperature of the surrounding atmosphere 
nearly three times as much as the quarter-inch metal bars. I found, in fact, that during 
the time occupied by a swing of the needle, viz. 45 ,, ) one-fifth of the thermal effect was 
lost. Adding, therefore, one quarter to *01364, we find *01705 for the thermal effect, 
which, it may be observed, errs a trifle in defect, owing to the conduction of a small 
portion of heat along the wires of the thermo-electric junction. 

87. In order to arrive at the theoretical result, it was necessary to determine the spe¬ 
cific heat of the wood in the condition it was in when used. This was done by raising 
the temperature of a faggot of it in a bath of mercury, and then plunging it in a thin 
copper can filled with mercury at the atmospheric temperature. The fall of temperature 
of the wood and the rise of temperature of the can and mercury, corrected for the atmo¬ 
spheric influence, indicated the specific heat; which, in the case of dried St. John’s pine, 
was found to be *3962, and in that of dried bay wood, *3582. 

88. The theoretical thermal effect of tension in the foregoing experiment, derived 
from the above data and the expansion by heat at the mean tension, is 

tt ^79‘4 . •— 200 I 1. 1 AO.A^qnn 

■ 1890* 1 * 231053 * *3962 * *0189“"‘~ v 


89. Bay Wood .—The rod I employed was dried until it could be electrified by rubbing. 
A tensile force of 400 lbs. produced a deflection of 25'*8, which the test experiment on 
the junction proved to indicate 0°*0475. This, increased one quarter, gives *0594 as the 
actual thermal effect at the moment of the application of the tension. 

90. The theoretical result, using my own determination of the specific heat of the 
wood, and its expansion by heat at the mean tension 235 lbs., is 


■ —1390 * l r 


196858 * * 3582 * * 01886 ' 


>0°:06016. 



indicatingU thermal effectof >00494.. This, increased by one quarter,gives *00617 as the 
Goldproducedby thetehsioh.' The theoreticalresultis /" 




-14. 


”1390 /N 1 23256 *•3962'* *03214 


1 


v_i—v- 1 

A‘.«Q.f 


0°*0093. 


i; ^ sdmated. with wafer.—-The specific gravity of this specimen was *933,* 

‘ grains per foot, 167-grains being imbibed water. The. mean of. twenty 
^'nm*0f 73 ofrAea#, .on : applying a tension o£ 200 lbs*, and,*Q0i.3, 
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likewise of heat, on removing the tensile force. There could be no doubt that in 
this ins tanc e the imperfect elasticity of the moist wood caused a considerable quantity 
of heat to be generated frictionally. It may therefore be safely concluded that the 
thermal effect, considered apart from the result of friction, was, as in the case of india- 
rubber, me of heat on the application of tension , and cold on its removal. Its actual 

• 0073—*0018 

value would be over-estimated by—-=0 o< 003, on account of the set communi¬ 


cated by tension being always greater 
The approximate theoretical result is 

y[— 311 . y ~ 20 ? x _ 


than that taken out when the tension is removed. 


"2000000 ^*68 ^ ‘0476 


=0°-0006. 


93. For the sake of ready comparison I have collected in the following Table the 
results of the foregoing experiments on the thermal effects of tension, placing by their 
side the results of Professor Thomson’s theory. 


Material. 

Experiment. 

Theory. 

Theoretical thermal effect of 

1 lb. tension on a prism 
weighing 1 lb. to the foot, 
at the temperature 0° Cent. 

Iron , . . . ... 

— -115 

-•110 

1 


Iron , .. .. 

■—•124 

-•110 


► —-0000220 

Iron ..I,... . 

-•101 

-•107 

j 


Hard steel .. . 

-•162 

-•125 


-•0000235 

iron.... 

—160 

—112 

i 

-•0000168 

Past irnn.... 

-•148 

-•115 

j 

Conner .. .... 

—174 

-•154 


-•0000355 

Lead ••••••...•«.... 

-•053 

—040 


.AAAI 047 

Lead .»•«•.«••».•*••*•••••»•*....»•• 

—•076 

-•055 


► — UUUlOT/ 

fi-utta nereha .. . ... 

-•028 

—031 


-•0000769 

friitfca nereha ... 

—Q52 

—•066 


Vnlft&nifced india-rubber . 

+*114 

+•137 



Pmp wood .........1........J*...«»•••*• 

—017 

-*023 


-•0000021 

Bav wood .... 

-•059 

-•060 


—•0000028 

Pinp. ernss-pramed.. 

-*006 

-•009 


—•0000213 

Wet bav wood ..... 

+•003 

+ •001 


+•00000015. 


- 

-- — - * -- 


On the Thermal Effects of Longitudinal Gmupressim m 8oUds. 

94. Wrought Iron.—A. pillar 2 inches long and ode-quarter of an inch in diameter 
had a fine hole bored through it, in winch a thermo-electric junction of fine copper and 
iron wires was inserted, as described in § 18. It was placed under the lever which had 
served for the tension experiments, the weight of which alone gave a pressure of 50 lbs. 
"When, in addition to this, a pressure of 1060 pounds was applied, a deflection of 2l''3, 
indicating heat^ Was produced; and a like deflection in the opposite direction, mdicating 
cold,; was produced by removing the pressing weight The ,^e. deflection, 

Hy immersing the pillar, in water of various tempc«teo% to within -me- 

’-C • •• -•' - 
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95. My next experiment was with a pillar of the same length, but half an inch in 
diameter, using a pressure of 1060 lbs. In pillars of this and greater diameters the 
experiment to test the value of the deflections was made by plunging the pillar in water, 
which rose a little above the orifice in which the thermo-electric junction was inserted. 
Thus in the present instance I found the deflection of 8 / *94 to indicate a rise of tempe¬ 
rature equal to 0 o, 0319. The theoretical result is 


H= 


289 1060 


'1390' 


: 81200 X *11 X ’632 


96. Wishing to try higher pressures, I employed a very excellent hydraulic press, the 
pressure exerted by which I had ascertained by experiment as far as 2000 lbs. The 
friction amounted to only one-seventh of the exerted force. By supplying the correction 
thus indicated, I had a very convenient and tolerably accurate mode of applying pressure 
by simply placing weights on the handle of the pump. A pressure of 6458 lbs. applied 
in this way, gave a deflection of 42' at the thermo-multiplier, placed at a distance of 
40 yards, which deflection was found to indicate a thermal effect of 0°-2344. The theore¬ 
tical result is 

285-5 6458 1_ J_ J_no.ggg 

~ 1390 X 1 X 81200*-11 X -6S2“ U 


97. Next I tried a pillar 2 inches long and 1 inch in diameter. When a pressure of 
1780 lbs. was applied to this by the lever, the needle was deflected 10'-6, indicating 
a rise of temperature of 0 o, 01803, The theoretical result is 


TT 290-6 1780; 

tx ~ 1390 X 1 X 


81200 X -11 X '2-533 


;=0°-01642. 


98. With the hydraulic press, pressures of 4154, 8762, and 20282 lbs., produced 
deflections of 9', 21'-6, and 1° 15'-3 respectively, indicating temperatures of 0°-03157, 
0°*07578, and 0°-2542. The theoretical results are— 

J_^ _l_.. l 

V *11‘ 

1 


_ 289-8 4154 

1390 x I x 81200 


and 


289-8,, 8762 1 

11 1390 X 1 x 81200 

289-8.20282 


2*533 

__ •• ___1 
X -11 X 2-533 


=0°-03822, 


=0°*08063, 


^5^1S55& . i ■ x flmo x >u x - 

* I w ^ ,*■ - w n ( _S ilt'f ^ ^ d ^ 4 t - t I I I , 

99. On applying apressure.jof 4;793jO Ib^ thp pillar was squeezed tot the length of 
1-88 inch, giving out about 6\ or nearlyTthe^ equivalent of the work thus 
done. ;lhen using tltelagbferpireiimie of ^744 pounds I obtained a deflection of 2° 6', 
: fadicfttrng a thermal effect of 6 fl; 442v: is. 

tt ■ * 2^037744 ' 1, .., 1., 1 1 — co. go eg 

MX—j . X 81200 X -11 X 2-694 


'ISSO^ 


100 


V- 


r 2 inches long ffiad one-quarter of an, inch mdiaitiieter being 
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pressed by the lever to the extent of 730 lbs. produced a deflection of 41', which was 
proved to indicate a rise of temperature equal to 0°*1123. The theoretical result is 

— 287*6 730 1 ^ 1 y 1 =0°T091 

•“•“laSO* 1 * 90139 * -1198 *-1281 

AnntViflr experiment, with 1010 lbs. pressure on another bar, gave a thermal effect 
of 0°T667, theory giving 


288*6 _ 1010 
H ”*1390 X 1 


1 X 90139 X *1198 X *1346 : 


:0°*1443. 


101. Pillar, 2 inches long and half inch in diameter. A pressure of 1060 lbs. applied 
by the lever, produced a deflection of 6'*5, indicating a thermal effect of 0°-0454. The 
theoretical result is 

TT 285*3. . 1060. , 1 . . 1 1 no.noco 

H "“1390 X 1 X 90139 X *1198 X *57”° 0353, 

102. Using the hydraulic press, pressures of 1850, 4154, and 8762 lbs., produced 
ther mal effects of 0°*0822, 0°*1883, and 0°*3423 respectively. The theoretical results are 


285*3 1850 


• 90139 A -1198* -57 


Lxi= 0 '- 0616 , 


tt 285*3 4154 1 1 1—po^goe 

M— 1890 X 1 X 90139 X *1198 X -57 —U • L000 ’ 


285-3 8762 


1 * 90139 *-1198 **57‘ 


:0°*2923. 


Under a pressure of 20282 lbs. the pillar broke diagonally, the deflection of the needle 
indicating an evolution of 4°*16. 

103. Pillar, 2 inches long, 1 inch in diameter. A pressure of 1781 lbs. applied by 
the lever, gave a thermal effect of 0°*01365. The theory gives 


290-8 1781 

n "1390 A 1 A 


1 v v -- 0°*01466. 

90189 X ‘1198 X 2*352 U Ui * 00, 


Using the hydraulic press, pressures of 4154, 8762, and 20282 lbs. gave thermal effects 
of 0°-0364, 0°*0511, and 0°*1463 respectively, the theoretical results being 

tt 290 v 4154 y . : L v 1 v —=0°*0341 

“■“^1390 X 1 X 90139-*1198 X 2-352 ’ 

tt _ 290 . .8762 1 y A-y_L-— QQ.Q719 

1S90 X 1 X 20189 X *1198 X 2352 u ’ 

TT . 290 v 20282 y 1 y -J—V -^-r=0°-1666. 

* -~1390 X 1 X 90139 X *1198 X 2*352 ‘ 4 ; . 

Under 47980Ibs. the pillar was squeezed to the length of 1*78 inch, ' Then with the 
samepressttrel obtained a thermal effect of 0M708.result is 
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104.- Copper .—A pillar 2 inches long and one-quarter of an inch in diameter,^ being 
pressed by 717 lbs., gave a deflection of 10' - 1, indicating a thermal effect of 0 '1359. 
The theoretical result is 


_ 292 717 

^ 1390 A 1 


58200 X '095 **1744 


:=0°-156. 


105. Pillar, 2 inches long and half an inch in diameter. A pressure of 1325 lbs. 
applied by the lever, gave a deflection of 30', indicating a rise in temperature of 
0 o, 08316. The theoretical result is, 


291-7 v 1325 l 
rt “ 1390 A 1 A 58200 


X -095 X *7207 


=0 o, 06972. 


Pressures of 1850 and 4154 lbs., communicated by the hydraulic press, produced deflec¬ 
tions of 24'*1 and 56', indicating temperatures of 0°-1182 and 0°*2747 respectively. 
The theoretical results are 


tt 292 1850 1 l _l_n°-0974 

1390 X 1 X 58200 X -095 X '7207“ ’ 


and 


tt_ 292 ,,4154,, 1 _ _ 

±1— 1390 X 1 X 58200 A '095 A '7207 


X^X.-p4s=0°'2188. 


106. Pillar, 2 inches long and 1 inch in diameter. A pressure of 1792 lbs. commu¬ 
nicated by the lever, gave a deflection of 9''7, indicating a rise equal to 0°-0278. The 
theoretical result is 


Tt 291-2 1792 

-“-“lSOO* 1 A 58200 


X -095 X 2'953 = 


:0°'02B. 


Pressures of 4154, 8762, and 20282 lbs., communicated by the hydraulic press, 
produced deflections of 10'-6, 33', and 1° 9', which were found to indicate elevations of 
temperature of 0 9 '0494, 0°-1538, and 0°-3216 respectively. The theory gives 


H = 


291 vj 4154 ^ 1 1 v 1 _Ao.neQoo 

»X i x 58200 X *095 X 2*953 2 , 


’1390' 


^■^lsgo^ 1 1 A 58200 A '095 2'953 



0 °* 1122 , 

0°*26. 


and 

. ft-Xv ,1., 

^o 0 o, 643. The theoretical result is 

r ~ : V ....,, Yf "' 'ft 1 " v ^ — no-ioao ■ - - 
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lever with a force of 860 pounds, produced a deflection of 12 f, 4, indicating a rise of 
temperature of 0°*0805. The theory gives 

tt _ 292 w S50 y 1 v 1 v 1 _0 o, 0786 

±1— 1390 X 1 X 35100 X ‘0303 X ‘8796 

Pillar, 2 inches long and 1 inch in diameter. A weight of 1500 lbs. applied by the 
lever, produced a deflection of 33', indicating a thermometric rise of 0 o, 0944. Theory 

gives in this case, _ , „„ _ . 

TT 290 y 1500 y 1 -_ y 1 y _i_ 0 O, 0792 

I1 “ _ 1390 X 1 x 35100 x *0303 X 3‘717~ 

4154 lbs. laid on by the hydraulic press, squeezed the pillar to the length of 1*8 inch. 
Then, when this set was fully established, the same pressure gave a deflection of 41'-6, 
indica ting a temperature equal to 0 o, 1835. The theoretical result is 

_ 288-6 4154 1 _ L-y-i _0°’1964 

^ 1390 X 1 X 35100 X -0303 x 4*13 ~~ v Xi7U *‘ 

108. Glass .—A cylindrical pillar of flint-glass, 10 inches long and -&thsof an inch in 
diam eter, had a thermo-electric junction of thin wires tightly bound to its side by cotton 
thread. A pressure of 900 lbs. applied by the lever, gave me a deflection of 10'*6, the 
thermometric value of which, estimated by immersing the pillar above the junction in 
water of various temperatures, proved to be 0 o, 01684. The theory gives 


_ 290-8 900 

■— lonn A i A 


124800^-19 


XrfoX ^=0°-0083. 


In another experiment I obtained a deflection of IT‘3, indicating a rise of 0°-01774 
when a weight of 1622 lbs. was laid on by means of the lever. In this case the 
theoretical result is 

TT - 292 y l® 22 y l y _L y --L-—q°.qx5, 

±1 -“1390 X 1 X 124800 X ‘19 X -9576 

109. Wood.—A pillar of seasoned pine, 13 inches long and 1*4 inch in diameter, had 
a junction of fine copper and iron wires inserted into its centre. When 869 lbs. were laid 
on this pillar, a deflection of 6'-05 occurred, which was found, to indicate a rise of tem¬ 
perature equal to 0°-0068.' The theoretical result, taking my own results for expansion 
and specific heat, is 

„ 290-4 8® J _yIyJ_ = 0 o -0061. 

X 1 x 238000 X *4 X ‘311 V wux * 


110. My next experiments were with a S-inch cube of pine, which, being furnished 
with a junction of fine wires in its centre, had pressures of 4154 and 8762 lbs. applied 
by the hydraulic apparatus; The deflections obtained were B'-8 and 5'*9, indicating the* 
inal effects of 0°*0093 and 0°*0145. Theory gives in these cases, . • 

tt— 299 y 4154 y— i-~sa0 d *005l6i : : : 

, . _ ”^1890 * 1 X 2380QO X ’4 X 1‘766 . .. 


,?9P 78762 


"“1390 
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111. When the same block was pressed, in a direction perpendicular to the grain, with 
a weight of 1792 lbs. communicated by the lever, a deflection of 37'-3 was produced; 
but when the pressure was removed, the deflection in the reverse direction amounted only 
to 31'-2. I believe that the excess in the result of pressure is owing to frictional evolution 
of heat through the imperfect elasticity of wood cut crossways to the grain. The mean, 
34'-25, represents a thermal effect of 0°-0461. Theory gives 


288-6 1792 1 1 __ 

— 1390 X 1 *20160 - -4 A 1*766 


0°-0261. 


112. A second experiment gave a thermal effect of 0°-016, the theoretical result being 
0°.0264. In this latter experiment the position of the block was reversed. I attribute 
the discordance between the two results to the difficulty I experienced in obtaining with 
my lever apparatus a perfectly even distribution of pressure over so large a surface as 8 
inches square. 

113. On exposing the block, still crossways to the grain, to a greater pressure by 
means of the hydraulic press, I obtained a deflection of 40'-5, indicating a rise of 0 *1 
whenever a weight of 4154 lbs. was laid on, but observed no perceptible effect what¬ 
ever when the pressure was removed. In this case the bulging of the wood under¬ 
pressure extended to about half an inch. It was evident that frictional heat increased 
to a great extent the thermal effect of pressure, and that a similar though smaller fric¬ 
tional effect dimini shed the cooling effect on removal of pressure. The theoretical 
result, if bulging had not taken place, and supposing perfect elasticity, is 


290 4154 


1390 X 1 X 20160 X -4 X 1-766' 


:0°-0609. 


114. Vulcanized India-rubber.—A pillar, 1-92 inch long, 1-22 inch in diameter, and 
weighing 692 grains, had a thermo-electric junction of thin copper and iron wires in¬ 
serted into its centre. On applying pressure, the multiplier showed a rise of temperature, 
a rid when the pressure was removed, a depression took place, sensibly equal to the pre- 
vious rise. The following is a Table of the results:— 


Weight laid on the pillar, 
in pounds. 

Deflection. 

.. . 

Heat by laying on the weight, 
or cold by removing it. 

n 

- ° 3 

6-0058 

33 

3-7 

0-0072 

■ ( * , ,* 1 r 

. - 

0-0181 

6 £ 

■ 16 ' ■-. 

' . 0-0312 

93 - , 

■ ' . 32 ■ 

0-0625 

- m rJ 

\ i 4-3 

- 0-1254 


V "^ith the pre®^ of ^e pilW^wiis, <sompfessedio fhe length 1-05 inch, and 

‘in which the pressure vras 

.to® o hfe'ahftiit ■ » ' - Af -w Ber cfe 


Cent. Honce the theoretical result for 
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TX — y V —* X —— X~ = 0 O, 05 

• CL— 1390* 1 — u Ut> * 


1660* ‘415 *‘77' 


The excess of the actual result may be attributed to the central part, in which the junc¬ 
tion was placed, bearing an undue share of pressure in consequence of the bulging of 
the waist of the pillar. 

116. On examining the above Table, it will be remarked that the thermal effect 
increases more rapidly than the pressure. This is owing partly to the influence of a rise 
of temperature in increasing the elasticity of rubber under strain, to which we have 
already alluded, and partly to the unequal distribution of pressure to which I have just 
adverted. The longitudinal expansion of a pillar of vulcanized india rubber, 2-21 inches 
long and 1-44 inch in diameter, under various pressures, was found to be 


Pressure in pounds. 


0 

55 

135 


Expansion per degree Cent, 
on the length under pressure. 


S7 X 00 

■stW 



117. Being desirous of ascertaining the thermal effects of higher pressures, I made 
the experiments tabulated below, on a pillar 1*7 inch long and 2*5 inches in diameter. 


-Pressure applied or 
removed, in pounds. 

Heat on applying 
pressure, or cold on 
removing it, in degrees 
Centigrade. 

Length of the pillar 
when under pressure. 

Length of the pillar 
after the pressure was 
removed. 

70 

o-oii 


1-7 

113 

0-015 



134 

0-029 



162 

0-036 



242 

0-052 



275 

0-07& 



386 

0-114 1 



547 

0-130 

1-43 


1426 

0-384 

1-00 


2742 

0-750 

*72 


4058 

0-885 

*64 

1-66 

6692 

M9* 

*51 

11958 

1-463 

* 

1-68 

22400 

1-426 

•36 


118. After a few experiments with the last pressure the rubber burst, being ruptured 

in a singularly sy mme trical manner at the four quadrants of its circumference. Placed 
in hot water, it almost immediately regained its original shape. ■ 

119. I have collected in the following Table the results of the foregoing experiments 
on the. thermal'effects o£ pressing pillars. In reckoning the mean, the last result in'each 
of .the senes for Wrought icon, cast iron, copper, and lead is rejected on account of having 
been obtained within pressuxenearly up to the limit of Btrength, snd after the form and 

by the forpe tb wMch it had been subjected. 


structure of 
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Material 

Diamctei of 

T \penmcntal 

Theoretic al 

pillai. 

thei mal eflect 

thermal ctle< t 

--- 

inch. 


•164 1 

/* 

i 

°*152 


1 

•032 

•039 


i 

•234 

•235 


] 

•018 

•016 


1 

•032 

•038 

Wrought iron. < 

1 

•076 

•081 


l 

•264 

•187 


1 

•442 

•337 


Mean . 

•115 | 

•108 



_____ 



•112 

•109 


i 

•167 

•144 


i 

•045 

•035 


i 

•082 

•063 


i 

•188 

•139 


i 

•342 

•292 

Cast iron. < 

1 

1 

•014 

•036 

•015 

•034 


1 

•051 

•072 


1 

•146 

•167 


1 

•471 

•350 


Mean .. 

•118 

•107 

V 



* 

i 

•136 

•156 


1 

2 

•083 

•070 


i 

•118 

•097 


l 

•275 

•219 


1 

•028 

•023 

Copper .< 

1 

1 

•049 

•154 

•053 

•112 


1 

•322 

•260 


1 

•643 

•483 


Mean . 

•146 

•134 




* 

•080 

•079 


1 

•094 

•079 

Lead ... *\ 

1 

•183 

•196 






Mean . 

•087 

*079 



1 i 

A 

•017 

•008 

Glass . s 

A 

•018 

•015 

1 

Mean ... 

•017 

1 ’Oil 




ft 1#4 

•007 

•006 


3 

•009 

•005 

Wood. < 

3 

•014 

•Oil 






Mean .* 

•010 

•007 





r 3 

•046 

l -036 


3 

•016 

1 -036 

Wood cut across the grain - 


•050 

•061 


Mean .. 

*037 

•038 




Vulcanized india-rubber .... 

1-22 

•125 

•050 
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120. The above results, as in the case of the tension experiments, indicate a slight 
excess of experiment over theory. I at first thought that this might be owing to the 
dimin ution of elastic force by heat in metals, of which I had not taken account as in 
wood, for in applying or removing tension the thermal effect would be increased in con¬ 
sequence of the increased expansion by heat in such a case. This cause would, however, 
diminish the thermal effect of the application or removal of pressure. The discrepancy 
must therefore be referred to experimental error, or to the incorrectness of the various 
coefficients which make up the theoretical results. Having, however, been led to be¬ 
lieve that with a rise of temperature a certain change of elasticity takes place in metals, 
although too minute to be appreciated in the foregoing results, I made some experiments 
in which spirals weighted at one end were measured when exposed to cold air, and then 
again after they had been heated in the atmosphere of an oven. In the latter case there 
was considerable elongation, indicating, in the case of steel, a diminution of elasticity 
amounting to *00041 per degree Centigrade, and in the case of copper, to *00047. After 
I had made these experiments, I became acquainted with M. Kttpffer s valuable re¬ 
searches on this subject, by which, using the method of vibrations, he finds the decre¬ 
ment of elasticity per degree Centigrade in steel and copper to be *00047 and *00048 
respectively. 

121. Another source of error exists, which, although not of sufficient amount to make 
a sensible alteration in the thermal effects of tension and pressure on metals, yet ought 
not to be neglected in a complete view of the subject. Mr. Hodgkinson has long ago 
shown that any force, however small, is able to produce a certain permanent deflection 
in a bar, and that this deflection increases rapidly with the force which has produced it. 
Professor Thomson has added the observation, that even after a metal has been exposed 
to great tensile force, its elasticity is not thereby rendered perfect for smaller degrees of 
stress. Thus he finds that when weights are successively hung to a wire so as gradually 
to increase its tension, and then successively removed, the 'wire never assumes immediately 
its just leng th, but is always shorter during the putting on of the-weights than during 
their removal. Hence work is done on the wire which must necessarily evolve a certain 
q uant ity of heat; and if; as is probable, a greater quantity of work is thus done whilst 
the tensile force is being removed than whilst it is being applied, the result will be 
that the cold of tension will not be diminished to the same extent as the heat, in con¬ 
sequence of the removal of tension, will be increased, and so the mean thermal effect 
will be increased. On the other hand, it is probable that in the act of compression less 
work is done on the wire than during the removal of the compressing force, the result 
being that the mean thermal effect of applying and removing the pressure is lessened. 
The foregoing experiments do not afford sufficiently delicate tests to detect, the excess¬ 
ively minute quantities of heat developed fictionally in the above manner. 


■ 3.22. Professof THOMriiN has pointed out that the dynatmcal theory of heat, with the 
modification of CABNoris principle introduced by himself and Clausius, show that “ if 

.V.;V*. v ^^ ^ 51 1 •.’I;*t- f '£■<- ' '• • 
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a spring be such that a slight elevation of temperature weakens it, and the full strength 
is recovered again with the primitive temperature, work done against that spring by 
be nding or working in whatever way must cause a cooling effect.” The quantity of cold 
expected was excessively small, yet I hoped to measure it by taking the mean of a large 
number of observations with the thermo-multiplier. I took a spiral of tempered steel 
wire £th of an inch thick, of which each convolution was 1| inch in diameter and one 
quarter of an inch distant from its neighbour. A thermo-electric junction was attached 
to one of the convolutions, and means were provided to compress or extend the spiral 
at pleasure without approaching it. In the case of a spiral stretched by a weight hung 
to it, the application of heat causes, as we have seen, a considerable elongation, in con¬ 
sequence of diminution of elasticity; but in the case of a spiral compressed by a weight 
laid on the top of it, the effect of the same cause is to diminish its length. Hence either 
the pulling out or the compression of the spiral must cause the absorption of heat, and 
the return of the spiral to its normal state must be accompanied by the evolution of heat. 

128. The above thermal effects of bending a spring are evidently proportional to the 
square of the pressing or tensile force; for if these be increased, the elastic spring and 
the alteration of length by rise of temperature will be also proportionally increased. 

124. Having arranged the thermo-multiplier so as to give one swing in 30", I pur¬ 
sued the experiments as follows:—A weight of 7 lbs. was laid on the top of the spiral 
to compress it, and after 30" had elapsed, the change in the position of the needle was 
noted. Then the weight was removed, and the needle observed after 30" as before. One 
hundred such experiments were tried alternately. Afterwards I made another series of 
one hundred experiments, on the effect of stretching and removing the stretching force. 
The results are placed in the following Table, in which the signs -f and — distinguish 
deflections indicating evolution and absorption of heat. 
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Deflection in minutes by 
compressing with 7 lbs* 

Deflection on 
removal of com¬ 
pressing force. 

Deflection in minutes 
by stretching with a 
force of 7 lbs. 

Deflection on 
removing the 
tensile force* 

-6 

-2 

0 

-4 

+1 

+ 2 
a 

— 4 

-2 

i 

— l 
-1 

0 

— % 

0 

+i 

— o 

-2 

-3 

+i 

+i 

—4 
—6 
+6 
+ 2 
_1 

+ 3 
-3 

0 

+ 1 

0 

-3 
-4 
-2 
-6 
+ 1 

—4 

0 

+ 2 
—2 

4-2 

0 

-3 

+ 2 
-1 

+i 

0 

-2 

-3 

-1 

-4 

0 

—3 

0 

c 

0 

0 

+6 

-1 

0 

A 

+1 

0 

—5 

-1 

— 2 

A 

-4 

—6 

-1 

4-4 

-1 

lO 

—0 

-1 
-3 
-3 
— 4 
+ 3 

u 

0 

—1 

4-5 

—2 

4-5 

U 

0 

+ 4 
-10 
— 4 

to 

4-5 
+ 3 
-1 
+ 7 
-3 

+ 3 
-2 
-1 

+3 

0 

+4 

-5 
+ 4 
—5 

+4 
+ 1 
-1 

0 

0 

+ 5 
+ 8 

+ 1 
-6 

-1 
+ 3 

+ 4 

0 

-2 

+ 1 

-2 

+ 2 1 
-1 
+ 2 

-1 
+ 4 
+ 4 
+3 

0 

-3 

-3 

-2 

+ 4 
+ 1 
+ 3 
+ 1 

-1 

+6 

+ 4 

+4 

+ 2 

+6 

+2 

+4 

-2 

—5 

—2 

—1 

+ 1 
-2 
+ 1 
+ ] 

+6 

+3 

-6 

■4-2 

+6 

+7 

-1 

-1 

—3 

-2 

+2 

A 

+4 

l 1 

—4 
— 4 

—3 

+2 

V 

-2 

4“* 

+i 

— 4 

0 


+2 

A 

+ 1 f 
0 

+ 4 
' 4-2 

— 1 
-2 

0 

+2 

0 

—4 

+ 6 

0 

-2 

—1 

—2 

0 

0 

-7 

—6 

+ 4 
-1 
+ 1 

+ 1 
-1 
-1 

+ 3 
+2 
+2 

Mean .— 1*4 

+ 1-38 

—1*34 

+ 0*88 


125., The thermal value of 11° 6 f deflection being found to be 1°*65 Cent., the above 
deflections will indicate respectively ‘00343 cold, ‘00388heat, ‘00328 cold, and ‘00215 
heat, the average (shoeing a quantitative thermal effect, ofG 9, 00306. using my own 
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coefficient for the diminution of the elastic force of steel by rise of temperature, I find 
for the theoretical result, in the case of compression, 


283 —l w l vy J_ 

= i390 X I X 2379 X -ll X 1-35- 


0°-00403, 


and in the case of extension, 


283 _-7. l JL 1__ 

“1390 X 1 X 7500 X, 11 X, 428"” 


0°-00403, 


the results being necessarily the same in both cases. The deficiency of the actual result 
is not great, and is on the side of the probable error, in consequence of the unavoidable 
loss of a portion of the thermal effect by conduction from the junction. 

126. Thus even in the above delicate case is the formula of Professor Thomson com¬ 
pletely verified. The mathematical investigation of the thermo-elastic qualities of 
metals has enabled my illustrious Mend to predict with certainty a whole class of highly 
interesting phenomena. To him especially do we owe the important advance which has 
been recently made to a new era in the history of science, when the famous philoso¬ 
phical system of Bacon will be to a great extent superseded, and when, instead of 
arriving at discovery by induction from experiment, we shall obtain our largest acces¬ 
sions of new facts by reasoning deductively from fundamental principles. 
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INDEX. . 

Capillary attraction, decrease of, by beat, causes contraction of the linear dimensions of wet wood, 77, 78. 

Cast iron and steel, extensive range of thermo-electric intensities in varieties of, 13-15. 

Compression, thermal effects of, in iron, 94-99; cast iron, 100-103; copper, 104-106; lead, 107; glass, 108: 
wood, 109-113; vulcanized india-rubber, 114-117. 

Elastic fluids, four hypothetical views concerning, 1. 

Elasticity of india-rubber increased by heat, 33-38; of wood and metals decreased by heat, 66,120; per¬ 
fect in no case, 121. 

Expansion ly heat of gutta percha, 32; of vulcanized india-rubber, 44; of wood, 60-81. 

Ghitta percha, specific heat of, 32; expansion by heat, 32. 

India-ruhber, physical properties of, 33, 34; its elasticity increased by heat, 38, 50,116; vulcanized ditto, 
its expansion by heat, 44; its specific heat, 43; its specific gravity diminished by stretching, 45. 

Leather, expansion of, by heat, 82; elasticity of, 82. 

Paper, expansion by heat of, 82. 

Baton cane, expansion of, by heat, 79; elasticity of, 79. 

Set, of materials, taken out by heat, 38, 55, 56, 65, 76, 84,118; peculiar effects of, 67, 85. 

Specific gravity of wood, 72, 74. 

Specific heat of cast iron, 26; gutta percha, 32; vulcanized india-rubber, 48; wood, 87. 

Spring, thermal effects of compressing or extending spiral, 1,2-5,122-125. 

Tension, thermal effects of, in iron, 20—24; steel, 25; cast iron, 26; copper, 28; lead, 30; gutta percha, 31; 
india-rubber, 35, 41; vulcanized ditto, 46-52, 57, 58; wood, 86-92. 

Thermo-electric intensities, table of, 16. 

Thermo-multiplier, vacuum, 6-12. 

Time required by all substances to assume a new dimension, 39, 85,121. 

Whalebone, expansion by heat of, 82; properties of, 84; elasticity of, at different temperatures, 85. 

Wood, its linear expansion or contraction by heat, 60-81; its expansion by heat increased by tension, 63, 
75; its elasticity decreased by heat, 66, 68; its expansion by heat decreased by moisture, 69-81; its 
specific gravity, 72, 74; its specific heat, 87; its expansion by heat considered apart from the water in 
its pores, 77. 
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Pbofessor William Thomson has published* a theoretical investigation of the subject 

Tct? • • 

of the present paper, in which he arrives at the formula 6 — jg, where 6 is the increase 


of temperature, T the temperature from absolute zero, e the expansibility by heat, p the 
pressure in pounds on the square foot, J the mechanical equivalent of the thermal unit 
in foot-pounds, and K the capacity for heat in pounds of water, of a cubic foot of the 
fluid employed. He has also given a Table of theoretical results for the compression of 
water and mercury. The investigation being established on the basis of well-ascertained 
principles and facts, the correctness of the Table could not be reasonably doubted. 
Nevertheless, believing that an experimental inquiry would be interesting if not im¬ 
portant, I have ventured to offer the following to the notice of the Royal Society. 

The only previous experiments on the subject of which I am aware are those of 
M. Regnault. To his memoir on the Compressibility of Liquids, he appends a notef 
on the heat disengaged by the compression of water. The method employed by this 
celebrated physicist, though less delicate, is similar to that which I have adopted. One 
set of the junctions of a thermo-electric pile was placed in a copper vessel filled with 
water, to which a pressure of ten atmospheres could be instantaneously co mm un ic ated 
by means of a reservoir of compressed air. The ^jth of a degree Centigrade could be 
detected by his thermo-multiplier. Nevertheless the conclusion arrived at was the 
negative one, that “the heat disengaged by a sudden pressure of ten atmospheres on 
water is unable to raise its temperature •g’frth of a degree Centigrade.” 

In the absence of any statement to the contrary, we may consider that the tempera¬ 
ture of the water compressed by Regnault was not above an ordinary one of the atmo¬ 
sphere, say 18° Centigrade. Thomson’s formula gives a thermal effect of 0°-013 for a 
pressure of ten atmospheres at this temperature; and therefore the conclusion of 


Regnault above cited is, strictly correct: indeed it is so as regards any temperature 
below 30°. It is to be regretted that he did not pursue his experimeuts a little further, 
for had-he done so he would without fail have solved this, as he has dqne so many other 
more difficult problems, by. showing the minute but nevertheless appreciable thermal 


MbcccLix; '■ ‘ 


566. 
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effect which actually takes place at all temperatures but that of maximum or minimum 

density. _ 

The apparatus I employed consisted of a strong vessel of copper, 32 inches long and 

4 inches in diam eter. This vessel was connected at the upper part with a cylinder of 
If inch internal diameter, furnished with a piston, by means of which the requisite 
pressure could be laid on or taken off at pleasure. A thermo-electric juuetion of iron 
and copper wires was placed in the centre of the copper vessel, the' oriticc through whi< h 
it was passed being made tight by means of a plug of gutta porclm. The outer junction 
was immersed in a bath of water, and the induced currents were measured by the tlicimo- 

multiplier in vacuo, described in my former paper. 

The method employed was alternately to lay on and remove weights from the piston 
and to examine the consequent deflection of the needle of the multiplier, from which, by 
means of data derived from experiments made from time to time to determine the amount, 
of deflection arising from a change of temperature of the outer junction, the thermal 
effect sought could he readily deduced. 

It was found that the needle took rather more than half a minute to assume a new 
deflection. I therefore fixed upon 40" as the time allowed to elapse between the applica¬ 
tion or removal of pressure and the thermo-electric observation. II was at first suspected 
that the small cooling effect in consequence of the dilatation of the copper vessel by 
internal pressure might interfere with the effect sought for; but it was found on trial 
that a sudden application of heat to the outside of the copper vessel did uot sensibly 
affect the temperature of the central part of the liquid in which the j uuotiou was plunges!. 
until an interval of time had elapsed equal to twice that occupied by a swing of the 
needle. This source of error was therefore disregarded. 

Another possible source of error occurred to me. Was the thcrmo-clcotric relation of 
the metals employed to form the junction sensibly altered by the influence of pressure i 
Thomson has shown that such an alteration in the metals copper and iron accompanies 
the temporary strain produced by longitudinal tension*. This effect of temporary strain 
is however very minute, and, in the case of pressure uniformly applied in every direction, 
which we are now considering, is probably far too small to bo appreciated by the most 
delicate tests. However, I made an attempt to ascertain whether it existed, by applying 
pressure when the temperature of the outer junction was widely different from that ol 
the inner, the needle of the multiplier being kept in range by moans of a controlling 
magnet. It was then found that the effect of pressure remained the same as before, and 
therefore the conclusion was necessarily arrived at, that the effect of pressure, uniformly 
applied, in altering the thermo-electric relation of the metals, was, if it existed at all, too 
small to produce any sensible error in the present experiments. 

In the case of oil, it occurred to me to inquire whether, in consequence of the im¬ 
perfect fluidity of that liquid, the full thermal effect was communicated to the junction 
(composed of wires -^th of an inch in diameter) in the 40" allowed for the swing of 

* Philosophical Transactions, 1856, p. 711. 
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the needle. To settle this point a long series of experiments was made, in which the 
deflections after 40" were alternately observed with deflections after three minutes. It 
was found that in the latter case the amount of deflection was one-tenth more than in 
the former; and therefore, in my experiments with this fluid, the deflections, observed 
at intervals of 40", were increased one-tenth, as will be observed in the sequel. 

As it was not convenient to apply a manometer to the apparatus dining the experi¬ 
ments, I afterwards ascertained the pressure I had employed, by means of the indications 
of a carefully graduated air-gauge, when the piston was pressed down with the same 
weights I had employed in the experiments. The pressures thus obtained were nearly 
the same as those estimated from the weights laid on the piston, a small allowance being 
made for friction. The pressure given in the Table is that of the fluid after the weight 
had been laid on half a minute, minus the residuary pressure arising from friction of the 
piston after the weight was removed. 


Table I.—-Experiments on the Heat evolved by the Compression of Water. 


Tempera¬ 
ture in 
degree 
Centigrade. 
U 

Expansibility by 
heat per degree 
Centigrade. 
e. 

Pressure 
in pounds 
on the 
square foot. 

Capacity 
for heat of 
a cubic foot 
of liquid. 

K. 

Deflections of the needle, 
each the mean of ten 
observations. 

Value of 
deflections. 

Experimental 
thermal effect. 

Theoretical 
effect, or 
( 273 +Oep 
jk 

1-2 

5 

-•000042 

•000016 

53634 

53634 

62-431 
62-45 

- 5-2] 

- 4-5 j 
2-6 

Mean — 

4*85 

596= f-03 
596=1-03 

—0-0083 

0-0044 

— 0-0071 

0-0027 

11-69 

•000112 

53634 

62-45 - 

12-61 
15-8 J 

Mean 

14-2 

596=1-03 

0-0244 

0-0197 

11-69 

•000112 

53634 

62-45 - 

9-5| 
9-8 J 

’ Mean 

9-65 

596=1-03 

0-0166 

0-0197 

18 

•000185 

53634 

62-41 - 

17-21 

20-9j 

- Mean 

19*05 

890=1-46 

0-0312 

0-0333 





14*3 






18-76 

-000193 

53634 

62*41 < 

17-1 

20-6 

►Mean 

17*75 

1454=2-58 

0-0315 

0-0347 

! 30 

•000300 

53634 

62-29-j 

19-0 

3-6 

5-7 

3-2_ 

►Mean 

4-17 

204=2-66 

0-0544 

, 0*0563 

31-37 

•000303 

33117 

62*29 { 
l 

‘ 20-8"’ 
14-4 1 

> Mean 

1 

17*6 

554=1*24 

0*0394 

0-0353 

40-4 

•000396 

* 

33117 

. 62-14<j 

“ 22-0' 
22*9 
23*8_ 

^Mean 

22’90 

694=1*36 

0-0450 

0-0476 
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Table II.— Experiments on the Heat evolved by the Compression of Sperm Oil. 


Tempera¬ 
ture in 
degree 
Centigrade. 
t 

Expansibility by 
heat per degree 
Centigrade. 
e. 

Pressure 
in pounds 
on the 
square foot. 
P* 

Capacity 
for heat of 
a cubic foot 
of the oil, 
in pounds 
of water. 

K. 

Deflections of the needle, 
each the mean of ten 
observations. 

Value of the 
deflections. 

Experimental 
thermal effect 
increased 
by one-tenth. 

Theoretical 
effect, or 

(2V3+t)e/> 

JK 

16 

•0007582 

16777 

29-83 { 

32-31 

32-51 

Mean 32*4 

o* 

II 

H>o 

>—» 

0*0792 

0*0886 

17-29 

1 

•0007582 

33117 

29-83 { 

64-31 

66*0 

• Mean 65*15 

867=2*04 

0*1686 

0*1758 

16*27 

•0007682 

53634 

29'83 j 

108-71 
109*3 j 

> Mean 109 

950=2*11 

0*2663 

0*2837 


The specific heat of the oil was found by the method of mixtures to be 0-5228 at 
16°-5. Its expansion, determined by the weight of a volumenometer filled with it at 
various temperatures, proved to be -0007582 at 21°-3. Its specific gravity at 0° was 
0-915. It was important to ascertain its specific heat and expansion at a temperature 
near that which it had in the experiments, because, though quite transparent, it became 
considerably more fluid when the temperature was much raised. Such a gradual change 
of state in any viscous substance is accompanied by the absorption of “ latent heat,” and 
an increase in the rate of expansion, which are greatest at the temperature at which the 
change of state is most rapid. 
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VII. On the Stratifications in Electrical Discharges , as observed in Torricellian and other 
Vacua.—Second Communication. By John P. Gassiot, V.P.B.S. 

Received December 9,1858,—Bead January 13,1859. 

60. In my former co mmuni cation I stated that I had obtained several vacua tubes from 
M. Geissler of Bonn; shortly afterwards I had the pleasure of a visit from M. PlUcker, 
the distinguished Professor of Physics in that University, when I ascertained that the 
experiments to which I referred as having been made in Germany, had been made by 
that gentleman in vacua-tubes constructed by M. Geissler. 

During Professor PlAceer’s visit to this country, I witnessed, in the laboratory of the 
Eoyal Institution, his experiments on the action of a powerful electro-magnet on the 
negative luminous discharges from an inductive coil, which discharges in vacuo, under 
the influence of the magnet, “coincide in their direction with magnetic curves this 
phenomenon is very clearly shown in Geissler’s tubes, in which the wires are herme¬ 
tically sealed at the extreme ends, projecting in a straight direction along the tube. 
Through the kindness of Mr. J. J. Griffin, I had the opportunity of experimenting with 
upwards of sixty of Geissler’s vacua-tubes, in which many beautiful and novel results 
are produced; in some, for several seconds after the discharges had ceased, the tubes 
remained throughout their entire length highly phosphorescent. I have not been able to 
ascertain with accuracy what is the gas, which, however attenuated, must remain in each 
tube; but from most of them being constructed of a varied form, the discharge presents 
in the several portions of the same tube an entirely different appearance, not only in 
colour, but also in the form of the stratifications. 

61. As I was desirous, during the progress of the experimental research I had entered 
on, to know the exact conditions under which each vacuum was obtained, and found, by 
comparison, that there was some uncertainty in the description of those I had received 
from M. Geissler, I reluctantly laid them aside, and for all the experiments I have to 
describe in this communication, each tube was charged and exhausted by myself or in 
my presence. The tubes were constructed by M. Casella, and marked with consecutive 
numbers, a note being taken of each as it was finally sealed; considerably above 100 
were prepared, the major part similar in their form to those described in my former 
paperf; some of these, during experiment, were broken or otherwise destroyed, but 

#, A traustotSdU of Professor Px.'Soeeb’ s paper “ On the. Action of the Magnet upon, the Electrical Dis¬ 
charge in Barefied Gases," has since" been published in the I^psophieal M aga z ine for August 1858. 

mdCcclix. .* 7 ' 
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those that remain are as they were originally hermetically sealed. To describe all 
would in several instances be nearly a repetition, although I use some of the original 
numbers in this communication for the sake of future reference. 

62. The terms Air, Hydrogen, Oxygen or Nitrogen Mercurial Vacua, denote, unless 
otherwise described, that previous to the insertion of the mercury each tube was filled 
either with air, hydrogen, oxygen, or nitrogen. The tubes were then exhausted by a 
good air-p ump ; another supply of air or of gas was admitted, and the tube again 
exhausted; this was generally repeated two or three times before the introduction of 
the mercury; any residue remaining after the tubes had been finally exhausted as a 
Torric ellian vacuum would necessarily be mercurial vapour plus the remains of air or of 
the gas with which the tube had been originally filled. 

The greater intensity of the discharge from the outer terminal of an induction coil, 
compared with that from the inner, whether the discharge is positive or negative, 
renders it advisable if not indispensable in many experiments that this point should 
be noted: I had intended to apply the terms inductric and inducteous (first used 
by Faeaday in 1838), the former to the outer and the latter to the inner; but 
finding t.hifl mig ht, lead to some misconception, in the present communication I use 
the, terms outer or inner positive, outer or inner negative, to denote the condition o,f the 
discharge. 

Continuous and, reciprocating discharges. —These terms denote the peculiar conditions 
of the discharge from an induction coil, when taken in vacua-tubes. In a continuous 
discharge, the needle of a galvanometer placed in the Circuit will be deflected; and the 
stratifications in the vacuum-tube will be also deflected by, and have a tendency to rotate 
as a' whole round, the pole of a magnet. 

In a reciprocating discharge, the needle of the galvanometer placed in the circuit is 
not deflected; such discharge in the vacuum-tube, whether stratified or otherwise, will 
be divided by a magnet, similar to the discharge when taken from a single terminal (54), 
which is always reciprocating, as is also the discharge under certain conditions to be 
described, where both wires of a vacuum-tube are attached to the terminals of the induc¬ 


tion apparatus. 

1 In the following experiments, unless when otherwise expressed, one wire in the 
yacuuni-tnl^ jwss connected with the outer and the other with the inner terminal of 







•:}, 63. If the tube is'Ped with dry hydrogen, and the discharge from the induction coil 
]b$;m$id©:itt the usual marker* no tjade of the dm^pgfe fthe .wires being separated in 
thp tube beyond the striking distance in air) will be observed until the gas is rarefied 
by^dtfcpump. The discharge first appears as a wavy line of bluish-grey colour; on 
- mntinnbig fhaIsybanstion by the air-pump, assisting the rarefaction by gently heating. 




AS OBSERVED IN TOEEICELLIAN AND OTHER VACUA. 189 

the tube becomes filled with a luminous discharge to within about one inch of the 
negative wire; the stratifications appear gradually increasing in width, as the vacuum 
becomes more perfect; and if care is taken to continue the pumping, so as to prevent 
air being introduced, the tube can be sealed without the stratifications showing the 
slightest appearance of any redness. Dr. Frajtcland subsequently suggested to me a 
mode of exhausting these tubes, which effectually prevents a possibility of the intro¬ 
duction of any air. 

64. In a vacuum-tube exhausted by the air-pump alone I have not been able to 
observe any approach to the cloud-like stratifications which are always to be obtained in 
good Torricellian vacua. That they evidently do not depend either on the mercury or 
the tube being free from dirt, but are dependent on the perfection of the vacuum 
and the total absence of all trace of moisture, is evident; as in one instance the cloud- 
like stratifications were very distinct at the first discharge, although in the tube the 
mercury was very dirty, attac hing itself in black patches on the sides; the dark band 
was nearly 10 inches in length while the mercury covered the negative wire. In another 
instance, during the process of the withdrawal of. the mercury from a long tube, the 
discharges from the induction coil were continued, the wire in the upper portion being 
positive and the mercury negative; as the mercury descended the stratifications assumed 
the cloud-like appearance, each nearly one inch in length; on examining the tube traces 
of moisture were observable adhering to the sides near the negative wire; as soon as 
the mercury descended sufficiently down the tube, so as to expose the moisture to the 
vacuum, the cloud-like stratifications instantly changed to narrow bands. This tube was 
38 inches in length, and the wires 32 inches apart, the internal diameter being about 
one inch; the proportion of moisture to the total capacity of the tube must conse¬ 
quently have been very minute. 

65. Whenever a perceptible although minute residue of the gas or air remains in 
a Torricellian vacuum-tube, the stratifications are narrow and close; and if,further 
portions of air, or of gas are subsequently introduced, the stratifications gradually 
close until the discharge assumes the usual appearance of the aurora, as when taken 
in ah air-pump vacuum from the electric machine*. In the best, Torricellian vacua 
which I have been enabled to obtain, the stratifications invariably assume the character 
of a distinct and clearly defined cloud-like discharge; these stratifications are generally 
more clearly defined towards the negative terminal, close to the dark band, than nearer 
to the positive* ' 

66. If care be taken in the preparation of Torricellian vacuum-tubes by Mr. Welsh’s . 

process*, it is immaterial whether the original air-pump vacuum be from air or from 
either , of the gases I have enumerated (62); the last trace of air or gas being by this 
process .sealed off in the bulb, the discharge in the mercurial vacua mtt ihvariably.pre¬ 
set the, dpuddike, sfrati^tions^ If any appreciable trace of^ or gas was permitted 
jto fwnd, H air, tjie„ stratificarions had a red: tinge,> which by degrees 

• * Philosophical Transaotion8,185^ P* - 
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gave a bluish grey. In some instances oxygen gave the reddish tinge, in others grey, 
similar to hydrogen. This apparent anomaly I subsequently ascertained arose from the 
impurity of the oxygen. 

67. If the extremity of a vacuum-tube is presented to the prime conductor of an elec¬ 
tric m achine , or to one of the terminals of an induction coil, a spark can be taken and 
the will be perforated. The perforation is extremely minute, but sufficient under 
the pressure on the vacuum to admit air or gas; but so slowly does the gas or air entex, 
that the experimentalist is enabled to note the gradual change which takes place during 
the progress of the discharges of the induction coil; the change (depending on the size 
of the perforation) sometimes occupied two or three hours. The extremity of a vacuum- 
tube after perforation was connected by means of tight-fitting gutta percha tubing to a 
glass cylinder cont ainin g fused chloride of calcium, through which air, hydrogen, oxygen, 
or nitrogen was permitted to pass into the vacuum; the result of many repeated experi¬ 
ments showed that with hydrogen or oxygen no change in the colour takes place; with 
air or nitrogen the colour of the stratifications changes from bluish grey to a fawn, and 
ultimately to a deep red tinge; and during this addition of gas or air, the cloud-like 
stratifications gradually close, becoming narrower and narrower until they are entirely 
destroyed, passing to a mere luminosity filling the entire tube, and finally into the 
wave discharge. 


Condition of Discharge at Negative Terminal. 

68. In some instances several seconds elapsed, during which the induction coil was in 
action before any luminous effect could be produced in the tube, the first luminous 
discharge filling the entire tube without any stratifications, the negative wire being 
surrounded with a brilliant blue phosphorescence; if the discharges are now continued 
for a few seconds, the cloud-like stratifications appear gradually becoming clear, and 
distinctly separated, leaving the dark, band near the negative terminal 3 to 6 inches 
in length. At this time, and before any black deposit from the negative platinum wire 
(which now becomes intensely red) is deposited on the glass, a brilliant white luminous 
discharge (which for the sake of reference I name the White-tongue Discharge) is visible 
clqse to the negative wire; this tongue has a tendency to rotate round the pole of a 



r assumes the appearance of being repelled or attracted as each 
l; while a long brilliant phosphorescent discharge, proceeding 
from the tippet part of the negative terminal towards the positive, is also similarly 
attracted ' 1 ’Pds.phasj^^ discharge can by manipula¬ 

tion be contracted or. expanded by a magnet in a remarkable degree (fox distinction I 
name this the Blue^tongue Discharge). 

: ^©^ -norih pete of a, magnet is placed dose, to the negative wire, and over the blue 
timgne^diarge, the discharge will be elongated and repelled, the end thereof being 
forced ba the opposite side of the tube, illuminating the portion on which it impinges 
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If the south pole be presented the discharge will be contracted, impinging on and 
brilliantly illuminating the portion of the tube round the negative wire. 

69. In the apparatus* (Plate IX. fig. 7 of my last paper), when one wire is positive 
and the mercury negative, if the vibrating hammer of the induction coil be pressed by 
the finger so as to ensure a sudden disruption, the redness on the surface of the mercury 
instantly disappears, an intense white glow being substituted, while the dark band is 
nearly filled with stratifications. On carefully examining the discharge when in this 
state, it will be observed that on pressing the contact-breaker so as to ensure a more 
sudden disruption, the stratifications which now fill the space previously occupied by 
the dark band appear also to emanate from the surface of the mercury. If a portion 
0 f gjj. 0 f the capacity of the tube be introduced, the stratifications assume a reddish 
tinge, and this redness increases as air is added, the redness on the surface of the 
mercury disappearing; if the discharges are taken from wire to wire on the intro¬ 
duction, of a minute quantity of air, the negative wire loses its red glow and becomes 
intensely blue. 

70. I have alluded to a remarkable phosphorescent Hue tongue discharge from the 
negative wire (68), and stated that this discharge is strongly affected by the magnet. 

While experimenting with many of the vacuum-tubes, I observed that this peculiar 
form of the discharge was always more distinct when the stratifications assumed the 
cloud-like appearance already described. When the stratifications are narrow and close 
this blue discharge is scarcely visible, although traces of it can sometimes be brought 
out by a magnet. In vacua which show narrow stratifications, fluorescence pervades the 
tube equally in all parts; but when the stratifications assume the cloud in a distinct 
form, the fluorescence is almost entirely confined to the portion of the tithe near the 
negative wire. In my first experiments it appeared doubtful whether this blue tongue 
discharge might not be due to the reflexion on the sides of the glass, from the white- 
tongue discharge already described; but the result of many experiments made under a 
variety of conditions, lead me to the conclusion that it is a distinct phenomenon, having 
the appearance of being due to a force or action emanating from the negative terminal. 

71. In one tube (Hyd. Merc. Vacuum, No. 47) the white tongue was peculiarly di¬ 
stinct, and the blue very brilliant and clear: in this tube the stratifications were much 

- separated, exhibiting the large and long clouds from the positive terminal, to within 
four inches of the negative. The phosphorescence in the glass did not appear in any 
part except close to the negative wire, where it was very brilliant, illuminating that 
end of the tube, with a deep blue colour. If during the discharges a horseshoe magnet 
is placed under the negative wire, the stratifications are brought down towards the 
magnet, and,the white tongue is strongly deflected; on moving the .magnet across the 
tube, the tongue is attracted or repelled according to the pole which is presented; while 
the blue discharge around the negative, although attracted and rep^led, is So, compara- 



142 MR. GASSIOT ON THE STRATIFICATIONS IN ELECTRICAL DISCHARGES, 


72. Fig. 1 represents a tube 22 inches long, If inch internal diameter: 
the wires a, i are 19 inches apart; sufficient mercury remains in the tube 
to cover the lower wire, and in this manner one terminal is a wire of 
platinum and the other a surface of mercury. The tube when used is 
suspended by a string. In this apparatus, with a single cell of the nitric 
acid battery, particularly clear and distinct large cloud discharges are 
obtained, leaving a dark band of 14 to 15 inches in length. When a 
magnet is presented a little above the surface of the mercury, which in 
this apparatus I always made the negative terminal, the blue-tongue 
discharge is produced in a most brilliant and beautiful manner, while 
at the same time the cloud-like stratifications from the positive wire are 
brought down the tube. By manipulating with a magnet, the blue 
tongue can be made to extend up the tube, illuminating the side of the 
glass wherever it impinges with the phosphorescent blue rays. In this 
tube the vapour of mercury rises very rapidly; condensing on the sides 
of the glass, the condensation can be easily removed by the liquid 
mercury. In this tube, moreover, the xedness does not appear on the 
surface of the negative mercury, which is covered with a bright lambent 
white glow. 

73. Fig. 2 is another form of a vacuum-tube, 10 inches long, 1 inch 
internal diameter, in which each of the platinum wires a and b can be 
covered with mercury, so as to permit the surface of the metal to be 



used for both terminals at the same time. With 
one terminal of mercury and the other of wire, 
the white-tongue discharge is very distinct, and 
either with this arrangement or with both termi¬ 
nals of mercury, the blue phosphorescent dis¬ 
charge from the negative is shown in a very 
marked manner. When a horseshoe magnet is 


Fig. 2. 



presented towards the cloud-like stratifications in this tube, the stratifications are 
attracted towards the. magnet when the latter is approached in one direction, and 
repe^edwhstt presented in another. I shall, in the course of this communication, have 

peculiar discharge assumes when the shape of 

^. 74. X : xrx some, instances several seconds elapsed during 


which discharges were made without - producing any huninous effect, the stratifications 
Ultimately appearing whenthe discharges had been further, continued. The following 
; jea^ariment shows, that with the wire terminals the stratifications are much modified 
hy pt^cular state of the negative terminal, while that of the positive does not in- 
fluence them. Fig. 3. In this tube four wires, a, a!, S,b', are hermetically sealed,;' a and 
4 attoched to the, positive terminal of the coil, and \ V to the negative. 
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The discharges, whether from a or d to b or b', were at first luminous, filling the whole 
tube without stratifications. On the discharges being continued from atob for a few 

Eig. 3. 



seconds, the stratifications appeared of the cloud-like form, increasing in brilliancy, and 
leaving a dark negative band 3| inches in length. The positive terminal of the coil was 
then attached to d, and the discharge taken from d to b; there was no alteration in the 
character of the stratifications; they remained as in the last experiment, clear and 
distin ct. The negative ter min al wire of the, coil was then removed from b to b', the dis¬ 
charge (l umin osity without stratifications filling the entire tube) returned; the positive 
terminal wire of the coil was then removed from a to d, with the same result. 

The apparatus was allowed to remain in this state for one hour, when the experiment 
was repeated with the same result. On continuing the discharge from a to b , the 
stratifications appeared, and the tube now remains in this state. If b and V are con¬ 
nected together by a wire so as to form one negative terminal, the stratifications are 
clearer and better defined than when the discharge is made to either separately, but 
there is not any increase or alteration if the a d are connected. From these experi¬ 
ments it would appear that with platinum terminals the character of the stratifications 
is much modified by the altered condition of the negative wire, which it undergoes 
shortly after the discharges take place. 


Stratified Discharge from both Terminals. 

75. On one occasion I obtained a result, which, although as yet I have not been able 
to repeat with other tubes, yet with our present imperfect knowledge of the causes of 
the stratifications, may be worth recording. The following is an extract of a note taken 
at the time:— 

In a short tube, 10 inches long, No. IB, the discharge presented the cloud-like strati¬ 
fications. From the long time tins tube had been used, and the direction of the dis¬ 
charges having been often altered, much metallic deposit had taken place at both termi¬ 
nals. In this state one end of the tube was perforated by an electrical spark while 
connected with the coil; as the discharges were continued, the stratifications gradually 
assumed greater distinctness, at first with a light fawn, and then of a slightly red Colour, 
but they did not alter in their shape: after one hour the discharges were discontinued,^ 
and again renewed in about thirty minutes, when I observed that the ired dolour had 
inirrAnged, but the sizeof the stratifications remained uhaltered. Tire discharges were 
forther cbn^ue&for abppt .thirty minutes wok of ihia ! experiment only 

one cell cells, T observed two 
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distinct series of stratifications, one from each terminal, separated in the centre of the 
tube by a dark band of about 1J inch. In this state the tube was sealed, and remained 
for several days, during which time I repeatedly obtained the same double set of strati¬ 
fications. Unfortunately, on one occasion I continued the discharges too long. one of 
the wires became heated and the tube fractured. 


76. If the heat firom the flame- of a spirit-lamp is applied along one side of a Torricel¬ 
lian vacu um -tube in which the stratifications are narrow and close, that side of the tube 
aids the transmission of the discharge which now leaves the cooler for the heated side, 
the stra tific ations becoming dearer and wider apart. If a section of the tube is equally 
heated, that section will exhibit the stratifications much wider apart than the portion 
which has not been heated, where they appear to collapse; as the tube returns to its 
normal state of temperature, the stratifications throughout resume their original figure. 
If heat is applied to a section of a tube which exhibits the cloud-like stratifications, they 
lose their clear distinctness, becoming confused and intermingled; in this state the black 
from the negative wire appears to be more freely deposited; and when the flame of a 
spirit-lamp surrounds the negative wire, distinct discharges can be heard inside the tube 
near the negative, but none from the positive, 

77. Through the kindness of Dr. Fabaday, to whom I am much indebted for sug¬ 
gestions, advice, and personal assistance in the progress of these researches, I had the 
opportunity of making the following experiments in the laboratory of the Royal Institu¬ 
tion :— 

Fig. 4 represents an air Torricellian vacuum, the -pjg 4 

tube being bent in the form of the figure, 10 inches ___ 

in length, and about 1 inch internal diameter. This c 
tube was placed in a mixture of ice and salt, without c 
altering the form of the stratifications, which were +■ 
of the cloud-like character. It was then placed in 
a bath of ether, which, by solid carbonic acid, was 
gradually pooled to about —100°; all trace of the stratifications disappeared, the tube 
■ being filled with a luminous discharge, the negative wire no longer exhibiting the red 

- ■ the, same dimen- _ Kg., s. 

sions, with srfdcirait mercury to cover both wires. 

In this tube the, stratifications are narrow, but very 
dear and distinct ; the centre -of the tube was placed 
, ;hr;#^,dther.bath, leaving the ends and both wires 
, ‘the mercury remaining in the bend, ofthe 

tube.; The; mercury soon froze, and the stratifications underwent considerable alterations, 

itive terminal, where they were inueh wider apart ; over the surface 



V 
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of the mercury they appeared very brilliant from reflexion. The mercury was then 
allowed slowly to liquefy, and the position of the tube reversed, so as to permit the 
mercury to cover both wires, the larger end of the tube was heated by the spirit-lamp 
until the mercury boiled, passing over to and condensing at the other end. The strati¬ 
fications entirely disappeared, the discharge passing in a direct line along the tube, and 
ill uminating in its passage the lower side. 

79. In the case of the tube represented in fig. 1,1 have stated that with one cell of the 


nitric acid battery the discharges show two or three broad and distinct 
clouds (72); and if a magnet is brought near the negative mercury, 
eight or ten additional cloud-like stratifications are brought out equally 
clear and defined. In experimenting with this tube, I suspended it, as 
before, with a strong loop; in this manner it hangs freely in the air, 
the platinum wires being connected to the induction coil in the usual 
manner by helices of thin copper wire. The lower end of this tube was 
inserted in a glass vessel (fig. 6) containing ether to which a quantity 
of solid carbonic acid was from time to time added; owing to the large 
mafia of mercury, some time elapsed before the metal froze; when the 
temperature of the ether was reduced to —85° Fahb., discharges from 
the induction coil being made, the stratifications were no longer visible, 
but a small luminous spot remained at the end of the positive terminal. 
On presenting the north pole of a magnet on one side of this luminous 
spot, or the south pole on the other, another luminous spot was visible, 
and on drawing the magnet down the tube the stratifications came out, 
but not so clearly separated as before. The blue negative discharge 
was perceptible, but not so defined as when the tube is in its normal 
state of temperature. The interior of the tube was progressively lumi¬ 
nous from the negative mercurial terminal, the luminosity decreasing 
in intensity towards the positive wire. On removing the ether-bath, the 
mercury gradually liquefied; the temperature rose, and at +20°Fahb:, 
the stratifications reappeared. ' 


Fig. 6. 



80. Fig. 7 represents a tube similar in form to fig. 4, but having, as in fig. 2, sufficient 
mercury to cover both wires. In this tube the cloud-like stratifications are very clearly 


defined. The white tongue, when the negative wire Kg ? 

is exposed, is also very distinct, as is also the blue from__ 

the neg ative wire. Two glass vessels, cont ai n in g ether, c j 'v, 

were'placed so as to receive the two ends of the tube, y 

the wires being covered with the mercury; solid 6 

carbonic acid was applied as before, the mercury in wag*#,, , HB9 

•.berth eoax3» on frying flie \ i ; 

one en^indica^^SS^ana the other of the mercury, in 

the act of cooling,assume#a t»nca.ye, depressed than that 

-:Uwsiti(teuxif .v‘ik *&*&?*' 
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at hi the negative terminal a, from its form concentrating the blue-tongue discharge on 
the upper surface of the tube, where it impinged, forming an oval-shaped spot remark¬ 
ably rich in the fluorescent blue rays. This illuminated spot could be repelled or 
attracted, concentrated or diffused, according to the direction in which the magnet was 
presented. On removing the ether from a, and allowing the mercury to liquefy, a 
tremulous motion was purposely imparted to the mercury, while at b it remained rigid 
when kept frozen. By these means a vibrating or oscillating motion was imparted to 
the blue-tongue discharge, as it impinged on the glass; this discharge appearing as a 
focus of light, its form being regulated by that which the negative terminal assumed. 

81. From these experiments in temperatures through a range of upwards of 700 
Fahr., I obtained the following results:— 

In a Torri cellian vacuum which gave good cloud-like stratifications, no change could 
.be observed when the temperature was lowered to +32°; but at a temperature of —102° 
all traces of stratifications were destroyed, and in this state the red or heated appearance 
of the negative wire disappeared, the discharge filling the entire vacuum with a white 
luminous glow; on the temperature being raised by the application of heat to the mer¬ 
cury, the stratifications reappeared. When the mercury was boiled, indicating heat of 
upwards -1-600°, the stratifications were all destroyed, but in this case the discharge 
passed along the mercury as it condensed in the cooler portion of the tube. When the 
mercury was frozen the stratifications disappeared, and the discharge did not illuminate 
the entire length of the tube, but merely the terminals; in this state, when a horseshoe 
magnet was brought near the tube, the cloud-like stratifications immediately appeared 
from the positive wire very distinct and large, but not so clearly separated as when the 
tube was at its normal temperature. 

On Vacua free from Vapour of Mercury. 

82. I was desirous to obtain a vacuum, if possible, more perfect, and particularly one 
free from any trace of mercury. In those with which I had to this time experimented, 
I believe the only medium remaining in the tube was mercurial vapour, for: I had .ascer¬ 
tained that the slightest trace of air altered the colour of the stratifications, and I found 

' ;the,pxoeess suggested by Mr. Welsh, I had obtained precisely the same result, 

filled with air, hydrogen, or oxygen. In the expezi- 
•fslutell-as in my former communication, I .had obtained 
tlie' tubes with. pure, -mercury, and thus 

forming good Torricellian vacua. ^Sueh vacua necessarily contain mercury in a state of 
vapour, and I assumed that the stmtificatiOns obserVable when electrical discharges are 
:;taken in such vacua, were to impulses of a force acting 

highly attenuated but resisting medium **” . In a perfect vacuum all the effect, due 
; resistance ought to be removed, and I anticipated that the discharge 

from wire to vnre* or;it might pass in some other form tlh^h tff&t 
' '^^irr^y'l^'-^’/^^^Fhfiosopbieal'Trsii^fione, Fart I. p. 14,1858. . r'-V '< 
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which has been hitherto observed. To test this opinion, I endeavoured to obtain a 
vacuum with fusible metal instead of mercury, but I could not succeed in getting it free 
from the presence of air, which was denoted by the colour of the discharge (66). I also 
prepared apparatus for a tin vacuum; but as similar difficulty would have occurred in this 
as with fusible metal, I laid the apparatus aside, and endeavoured to obtain a vacuum 
by insfifting sodium in a closed glass vessel, previously charging it with pure oxygen; the 
stratified discharge was very clear, but the sodium as it melted adhering to the sides of 
the glass in irregular masses, conducted the discharge from the different surfaces, and 
the form of the stratifications was rendered so irregular that the results in this respect 
were unsatisfactory; I however succeeded in obtaining sufficient evidence to convince me 
that with better arrangements, sodium, and probably potassium with oxygen, will pro- 
duce vacua which cannot fail to exhibit the stratified discharge with great brilliancy, and 
possibly by this process even a still more perfect vacuum may be obtained. 


Carbonic-acid Vacua*. 


83. The experiments I now proceed to describe were made in glass tubes, many of 
which were of similar form and dimensions to those I had used with mercury, but the 
vacua were obtained by an entirely different process. In the preparation of these I am 
indebted to Dr. Fkankland, who not only suggested and explained to me the process to 
be adopted, but kindly devoted much of his valuable time to the superintending many 
of the experiments, which were made in his laboratory at St. Bartholomew’s Hospital'. 
Fig. 8, Plate IX. represents a tube in which the platinum wires a and b are hermetically 
sealed; in the narrow portion A, one or two sticks of caustic potash are inserted, one 
end of the tube being connected by means of gutta-percha tubing to a vessel in which 
pure carbonic acid gas is generated; the other end passes through a tight-fitting collar 
into a vessel con taining a little mercury under a receiver attached to the plate of a good 
air-pump. A portion of the air is first expelled by the rush of the carbonic acid; after 
this the passage of the gas is stopped at B, and the tube is exhausted by means of the 
air-pump. The mercury (M) acting as a valve, prevents any risk of air entering into the 
tube; the process is repeated two or three times, when, if the discharge from the induc¬ 
tion apparatus is found to be entirely free from any trace of redness, it may be assumed 
that all the air has been expelled, and the tube can be then prepared for sealing. 
When it is full of the gas, the glass is sealed at B. The tube is again exhausted to 
the utmost limit of the capability of the pump, and finally sealed at C. The apparatus 


is now ready for experiment . ^ 

- 84. .In carbonic-add vacua obtained by this process, the discharge from an [induction 
coil is at first in a wave line, strongly affected by the magnet or . by the hand when 
placed on the tube; in this state the discharge does not generally present the stratified 
appearance, or if present tiie. stratifications are only near the positive terminal; some- 
timesin theoourse: of a few minutes, but often not until several dayshave elapsed, .the 
ck; th?' Aiietiiod of,obtaining carbonic arid **** 
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stratified discharge becomes visible, and as the carbonic acid is absoi'bed by the potash, 
the stratifications gradually appear more clearly defined. I have obtained clearly de¬ 
fined stratifications when a little moisture was perceptible in the tube, this moisture 
probably assistin g the absorption of the carbonic acid by the caustic potassa; as the 
stratifications gradually become more distinct and divided, they assume a conical form, 
and lastly the cloud-like appearance (64) of the best mercurial vacua; after this, under 
some conditions, the stratified appearance of the discharge will entirely cease, the 
whole length of the tube being filled with faint luminosity; when in this state, if the 
outside of the tube is touched by the finger, pungent electrical discharges arise, and 
sparks one-eighth of an inch in length can be elicited. On testing this discharge by a 
magnet, it will divide in a similar manner to the discharge when taken from a single 
wire; on continuing the discharges, the peculiar blue phosphorescence previously noticed 
at the negative (68) is often perceivable at both terminals (87); and when in this state, if 
a galvanometer is introduced in the circuit, the needle is not deflected, proving that the 
discharge is not continuous but reciprocating; but if during the discharges the potash 
in the tube is heated, the stratifications become perceptible, and the needle of the 
galvanometer will be deflected, showing that a continuous discharge is now present: this 
experiment is fully described in another part of this paper (88). 

85. I have often found it difficult, and at times impracticable, to obtain precisely 
the same results in carbonic-acid vacua; they are probably modified, not only by the 
relative purity of the gas and of the potash, but also by the quantity of moisture. 
When the gas was passed through chloride of calcium or through strong sulphuric acid, 
the stratifications appeared more quickly. When moisture had been purposely added, 
as by placing a piece of asbestos moistened with boiled distilled water within the tube, 
the cloud-like stratifications were not obtained, although the stratifications of the conical 
form were remarkably clear: in a vacuum-tube thus prepared, No. 61, the caustic potash 
remains in the centre, the asbestos being placed in the narrow end; the potash has 
absorbed the moisture, leaving the asbestos to all appearance perfectly dry. The potash 
in this tube has been repeatedly heated; when heat is applied the stratifications at first 
become clearer; they gradually lose the conical form and become narrow. As the 
heat continues, all trace of stratifications or discharges over the potash is destroyed, that 
portion nearest the; negative: is blackened (possibly-by carbon being evolved). If the 
-.^^|^^^t|^^coo^?th^:atKitificariona gradually reappear, until they resume their 
• hoiiarilfo< -hole, is 'obsenaWe in the end 

; of it, nearest the positiyb v&e,“apparently ^erwifig a direction of force in the discharge. 


vacua. 


tbat.under the stratifications entirely disappeared, 

•'''a^'^^»;rasult''is, I belibve,mew, apdhas been confirmed by three separate, expert-. 

■ /ineiil^vl .describe two as they are entered in my note-book. On the 12thbf 

•Jm^'-t^.^b^^^^pie^ai^ih'^e'la^ratory-of St.- Bartholomew’s Hospital; in jhch,. 

of calcium was.in^q^c^y'ih"hfldi* 
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tion to these, in one tube, No. 66, small crystals of Sulphur were placed, and in the other, 
No. 67, pieces of Selenium. The tubes were then charged with carbonic acid, and 
exhausted as before. No. 66, on the 21st of June, showed clear narrow stratifications, 
the potash was then heated; on the 26th the stratifications had increased, assuming the 
conical form, clear and defined; some of the sulphur was melted, condensing at each end 
of the tube; as it cooled the stratifications which had been destroyed reassumed their 
conical form. The stratifications improved very slowly, and on the 14th of July they 
assumed the large cloud-like appearance, similar to those of the mercury vacuum (63). 
The caustic potash was then again heated, and the stratifications became very narrow; 
from this time they gradually improved, and on the 28th, on trying the discharge, I 
found that it no longer passed. The potash was then heated and the discharges con¬ 
tinued, the tube shortly became illuminated; this was followed by large cloud-lilce strati¬ 
fications, then by the conical and narrow; on allowing the potash to cool, the tube 
resumed its insulating state. 

87. Selenium, No. 67.—From the 12th to the 19th of June the discharge was a wave 
line; on the 20th the potash was heated; on the 22nd stratifications appeared of a greenish 
tinge, inclined to the conical form; from the 23rd to the 28th they assumed the cloud¬ 
like character; on the 28th the selenium was melted; the stratifications were then of a 
reddish tinge, but they remained nearly of the same form, the vapour of the selenium con¬ 
densing very quickly in the cooler portions of the tube. On the 6th of July the end of 
the tube was placed in a freezing mixture, and the tube was heated in order to free the 
sides thereof from a quantity of selenium which had deposited and thus obscured the 
view of the discharge. On the following day (7th July) the discharge illuminated the 
tube without stratification, and on grasping the tube with the hand both wires were 
surrounded with the intense blue discharge (84), which, under ordinary conditions, only 
appears at the negative. On the 11th of July, on heating the caustic potash, the blue 
phosphorescence at the positive wire was destroyed, and the cloud-like stratifications 
reappeared. This tube was subsequently placed aside, after having been heated two or 
three times, for a month, When, on trying the discharge on the 4th of October, I ascer¬ 
tained that the discharge no longer passed, the vapour which had evolved by heating the 


caustic potash having been again absorbed. 

88. When a vacuum-tube is in a state to show the stratified discharge, it is so good a 
conductor that sparks from the outer terminal of the induction coil will pass to one of 
its wires (the other being attached to the inner terminal) one inch in length through air; 
but when no nigna of a l umin ous discharge can be observed through the tube, or merely 
faint luminosity without stratifications, the spark is-scarcely visible, although it will pass 
from the outer terminal of the coil through air to a wire attached, to a glass :fbd, of to 
bhe. insulated by .shell-lac, showing that a vacuum-tube in this /stafeis arinore perfect 
ipsuiatpr .of the electrical discharge than air. The following experiinhttt will perhaps be 
considered as cohehuaye as to vacua, und®f this cpndhaep i^ujaiing the discharge. 

• “C i*_. Vi—^' midttction.' :C.- 
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A carbonic add vacuum-tube, similar to the sulphur or selenium one (86, 87); B, va¬ 
cuum-tube (which shows stratification when discharges are passed); G, a delicate 

or 9. 



galvanometer placed at a sufficient distance to preclude any action on the needle from 
the iron core in the induction coil. If discharges from the induction coil C are now 
made, there will not be a trace of any luminous discharge in A; in B, the stratified 
discharges are reciprocating, and, when tested by a magnet, will be found to divide; 
they are merely dischar ges from the terminal of the coil to which one of the wires is 
attached, the needle of the galvanometer remains stationary. 

If in this state heat is applied to (CP) the caustic potash in A, in a few seconds the 
stratified discharges will be visible; the needle of the galvanometer will be deflected, 
and the stratifications in B will at the same time assume the usual appearance of the 
conductive discharge. 


Vacua-tubes prepared with Arsenious Acid, Bromine, Iodine, Pentachloride of Antimony, 

Bichloride and Bisulphide of Carbon. 

89. Arsenious acid, No. 68.'—A few crystals being first introduced with some caustic 
po tash and chloride of calcium, the arsenious acid being kept separate, the tube was 
charged with carbonic acid gas and exhausted as before (83); the discharge at first 
appeared in the form of a wave line of a greenish tinge ; the potash being heated, in a 
few flays the discharge assumed a tendency to the cloud-like stratifications; the arse¬ 
nious add was then heated, the stratifications immediately narrowed, a brilliant lumi¬ 
nous wave discharge passing through them from wire to wire; for about three months 
a gradual change took place, until the discharge again assumed the cloud-like, stratified 
appearance; on heating the potash, the stratifications suddenly became clear and defined 
with a greenish tinge, showing remarkably brilliant bands. 

K;o. bromine was inserted in a small glass bulb, and placed 

prtfpinn a to its bang chargedwith carbonic add and exhausted. 

ifhm the glass bulb was 

broken ;, the tube'ifisthi^ bromine vapour* s© dense that the discharge would 

* 7 . flot pass., .Ofiithe foilin g ifey a portion of the vapour, , and 

5 these gradually improved, 

. anml-afiMtmavl ^o V.UTT^JiTra. nppp flT^ -npj> 0U tb.6 twenty-ninth flay, 

while the blue tongue at the negative 
i to the magnet, I sealed off that portion 
,sh had been placed; the discharge up to the 
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present time retains the same appearance, showing the blue tongue expanded or con¬ 
tracted by the magnet in a very beautiful and clear manner. 

91. Iodine, No. 70.—Crystals of iodine were placed in a sealed glass bulb within the 
tube with caustic potassa; it was then charged with carbonic add gas and exhausted as 
before; the cloud-like stratifications appeared in about eleven days; the bulb was broken 
and the heat applied to a few of the crystals of iodine; at first a wave discharge was 
visible, passing through the vapour without stratifications ; in a few days stratifications 
were visible, and the tube has remained ever since in the same state. If the contact 
breaker is pressed so as to cause a more sudden disruption in the discharge, a wave line 
brilliantly illuminated can be obtained, passing conjointly with and through the narrow 
stratifications, as in the arsenious-acid tube (89). When the discharge is taken from 
one terminal in vapour of iodine, the difference of the action between the outer and 
inner ter minal is very remarkable; when the former is positive, if the tube is grasped by 
the hand, the discharge shows stratifications between the hand to the discharging wire; 
from the inn er terminal no stratifications can be seen, but only a faint luminosity divisible 
by a magnet. 

92. Pbntaohloridi op Antimony, No. 71.—The small glass bulb containing the 
pentachloride having been inserted in the tube as in the previous experiment, was broken 
after the cloud-like stratifications had appeared, when all trace of stratification ceased, 
the discharge passing in the form of an intensely brilliant wave line; the gradual pro¬ 
gress first to the narrow and ultimately to the cloud-like stratifications was subsequently 
very slow, for it was upwards of two months before the latter appeared. 

93. Bichloride and Bisulphide op Carbon, Nos. 73 & 74.—These were introduced 

into the separate tubes in glass bulbs, as in the previous experiments; the bulbs were 
broken as before after the discharges had assumed the cloud-like appearance; but 
although every means was adopted, first by melting the potash, and then applying 
freezing mixtures to condense the vapour; it remained under every condition so dense, 
that, after the glass bulbs were broken, the discharge could not pass even in the form of 
the wave line. ■ ... • 

AH the experiments hitherto described were made in glass tubes of about 1 inch 
internal diameter, similar to those of my previous experiments with Torricellian vacuums, 
in which I had been necessarily limited as to the Size of the tubes by the difficulty of 
manipulating with large masses ,of mercury; with carbonic-acid vacua this difficulty no 
longer arose, and I was induced to try the effect that could be obtained in larger vessels. 

- 94. Fig. 10, Plate IX. represents a large glass vessel, egg-shaped, the globular portion 
being 18 inches in'length; and 7 inches in diameter; the wire!, are'22 inches apart, the 
caustic potash being placed in the narrow end ; total length 25 inChei/ It ivas charged 
with carbonic acid. and exhausted ' in the usual maimer* si b# the potash being 

heated%ftfi^£l^^^ * ver T ““aka* 

manner the 5, 'mOst cIearly and separately defined 
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these are strongly affected by induction as the hand approaches the globe, presenting a 
very striking appearance; there is a slight tinge of red, showing that a very minute 
quantity of air remains: the cloud-like stratifications extend to the entire diameter of the 
vessel . 

95. Fig. 11 represents another form of apparatus. This glass tube, No. 81, is 12 inches 
long, and about 1 inch internal diameter; it has a glass division in the centre, perforated 
with a hole about g-th of an inch in diameter, my object being to ascertain in what manner 
the stratified discharge would be affected during its passage through the aperture; the 
wires are 10 inches apart. I had already ascertained that if an electrical discharge 
passes thr ough a vacuum-tube a portion of which is of very small dimensions, the glass is 


Kg. 11. 



very much heated, while that portion of the glass which is wider remains cool. In the 
apparatus fig. 11, if a is positive and 5 negative when the discharge shows narrow striae, 
those near the diaphragm in the a positive side are indistinct, while on the b negative 
side the striae are very clearly defined, although the luminous portion is much contracted; 
when the discharge has assumed the cloud-like appearance, the aperture only affects them 
by contracting the cloud, which passes immediately through it. In this tube I had at one 
time succeeded in entirely insulating the discharge, the same as in both those in which 
sulphur and selenium were placed (86), (87), and I subsequently repeated this experi¬ 
ment .with the same tube in the presence of Dr. Framland and his assistants, in his 
laboratory; but a few days afterwards, on heating the potash, the discharge returned 
to, and has ever since retained the cloud-like appearance, 

96. I had always found there was apparently much less deposit on the sides of the 
glass from brass than from platinum wires; this was so decided, as to make me doubtful 
whether this deposit was not in all cases due to the platinum to which the brass wire is 
attached- In a, tube. No. 82, with brass terminal wires, on the interior of which, from long 
,ep| |% uknc8 of the discharge, I observed much deposit had taken place, on examination 

was entirely brass in a minute state of division, the 
toetal precisely, the same as the platinum (87), translucent when 

examined by dire^t?l^t, hfdh^esentang by reflected light a dark metallic lustre. 

,.. f; '97».,That the stratified discharge is considerably influenced and modified by the parti- 
, culm' condition of the negative terminal in a vacuum-tube, is evident by the experiment, 
■whie^.'it-did^ttqt, appearwhen new; platinum wires were used, until such wires were 

discharges (74). I have also invariably found that if brass wire 
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terminals were used, the stratifications were visible at the first discharge; the only expla¬ 
nation I can offer is, that the stratifications may be influenced by the presence of the very 
min ute points in the brass wire used in my tubes, while the new smooth platinum did 
not produce them until corroded by the discharges. 

98. When the negative terminal is of liquid mercury, whatever be the length to which 
the mercury is elongated, its entire surface is covered with a luminous white glow; if it is 
made positive, it is only the extreme point from which the illumination proceeds (58). 
If a tube with mercury is placed in a perpendicular position, the blue tongue is very 
large, and the surface of the mercury (which in this experiment must be made negative) 
is covered with a lambent white glow (72). This phenomenon appearing to me to be 
intimately connected with the blue-tongue discharge (68), which is always present under 
certain conditions of the stratified discharge, I determined on ex am i nin g a pheno¬ 
menon that presented the appearance of a distinct form of discharge from that at the 
positive ter minal ; for this object I had several vacuartubes constructed, in which the 
platinum, as well as brass wires hermetically sealed, were more or less protected by being 
covered with glass tubing. 

* 99. After many trials, I ascertained that if the negative wire is protected by glass 
tubing open at the end about one-eighth of an inch, beyond the point of the wire in the 
tube, no stratifications can be observed in the discharge, which in such cases merely 
exhibits a luminous glow; for this experiment it is necessary that the orifice in the tube 
should be contracted in order to prevent the wire being exposed, and the discharge from 
the coil should also be of moderate intensity; as if the intensity is much reduced, 
either by the battery or by manipulation with the contact breaker, faint stratifications 
in the discharges may at times be observed. In a tube thus constructed, No. 90, a dis¬ 
charge appears to emanate from the negative wire, issuing with great intensity through 
the orifice; and if the wire and the tubing are a little inclined, the discharge will 
impinge against the side of the vacuum-tube (fig. 12), brilliantly illuminating the spot 
on which it impinges, in a similar manner to the blue-tongue discharge (68,70); if 
this discharge is continued for a few seconds, that portion of the tube on which the 
discharge impinges will be sensibly heated; and if a magnet is presented, the spot will 
be contracted with one pole, and with the other the discharge will be bent in a manner 
so that its extreme portion will itself impinge oh. the other side of the tube, illumiaating 
and heating it as above. If, the experiment is made by reducing the intensity of the 
discharge, so that stratifications from the positive terminal are observable, these stratifi¬ 
cations vanish, as the discharge, which apparently proceeds from the negative terminiQ, is 
forced by the magnet along, the tube (fig. 18). In this experiment therefis the appear- 
ance of a direction of a force emanating from the negative terminal as weBtas me from 
the positive, while from, the latter we have, under certain conditions, as l have already 
described, a direction of force from the poative to tfre to the axis of 

■ stratodcation* (57). ■ ’ ;• • v J-,-;" ... .. 

V:JEStamOT Jootb, read Before the Libsaay and. 

Mncmax. ;./fi r 
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100 I have already alluded to the difficulty of obtaining separate carbonic acid vacua 
in which the stratified discharge presents in all respects precisely the same appearance, 
and in order that I might examine the discharge with protected as well as non-protected 
negative terminals in vacua made under precisely the same conditions, I had two glass 
tubes constructed. No. 101, fig. 14, represents one, a carbonic acid vacuum-tube, with 



caustic potash inserted in the narrow portion CP; the wire A can, by inclining the tube, 
be dropped into the inner case of brass tubing C, which is itself protected by a glass 
tubing G; the brass tubing is soldered to a platinum wire P, and thus hermetically 
sealed; B, the other wire, which is fixed, is also of brass. When both wires are exposed, 
the stratified discharges show the clear cloud-like appearance so often described, whether 
A is positive or negative; but if A is made negative and the tube is inclined so as to 
let the wire drop into the brass tubing, almost all trace of stratifications immediately 
disappear, that which remains being evidently due to the portion of wire and the brass 
tube which is exposed through the orifice; in this state each discharge is accompanied 
by a ringing noise from within the brass tube: reversing the direction of the discharge, 
A becomes positive and B negative; the stratifications are immediately perceivable, and 
the ringing noise in the brass tube ceases. 

101. In the other tube, No. 104 (fig. 15), four wires are hermetically sealed; a,a! are 

Kg. 15. 



expos©!; h S'are protected by being placed in glass tubing, extending about one-eighth 
of»ah#^ l>epad the .points of the metal. When discharges are taken from a to o', or 

and a or d negative, the stratifications are dear and distinct; 
and fb&Y oan he altered from .the cloud to the conical shape; but 

under whatever cohditiott the tubes may be, the stratifications entirely cease if b or V is 
negative; in this condition no trace of Stratifications can be observed, the negative 




•■';/^S|^i^...vacuum-tubes, particularly in some obtained by the carbonic add process, I 

• of Manchester, the former gentleman alluded to the remarkable difference in Ike 
e electrifications. 



r-oj 
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have often observed beyond the clear cloud-like stratifications towards the negative, seve¬ 
ral faint but clearly-defined striae or bands; when repeating Mr. Grove’s experiment, of 
allowing the discharge to be intercepted between two metallic points attached to the 
coil*, I observed that however short might be the interval by which the discharge was thus 
separated, these faintly illuminated striae or bands always vanished, leaving the clear 
clouds without change of form ; for this experiment I use my micrometer-electrometer, 
described by me in the Philosophical Transactions, Part I., 1840, and in which, by 
mpans of the micrometer screw, I can obtain a separation of h of an inch. 

103. Most s triking and beautiful effects of the stratified discharge were obtained in 
a large glass cylinder, of about 4^ inches internal diameter, in which brass wires 
were hermetically sealed about 20 inches apart. The caustic potash being inserted in 
the narrow portion, the cylinder was charged with carbonic acid gas, and exhausted in 
the usual manner. "With one wire attached to the outer positive terminal of the coil, the 
stratifications (large cloud-like form) are very clearly defined and most remarkably sensi¬ 
tive to inductive action, by the approach of the hand; on the four fingers being success¬ 
ively placed on the stratifications, the stratifications disappear in succession; but while in 
this state, if a powerful electro-magnet is put in action close to the negative, the stratifi¬ 
cations reappear and pass by the fingers of the hand, which during the experiment rest on 
the glass; the power of the magnet overcoming the inductive resistance. The stratifica¬ 
tions in this apparatus can be separated for a considerable space by placing both hands 
on two separate portions of the cylinder; and if one hand is placed within about 2 inches 
of the positive wire, where two or three clouds are then visible, and the other hand is 
placed on the cylinder about 4 to 6 inches nearer the negative, a large single cloud will 
be brought out in a very striking manner, showing that even where stratifications are no 
longer visible, they can be elicited by the mere effect of induction. If the wire pre¬ 
viously attached to the outer is connected with the inner terminal of the coil, the effects 
of induction, by the approach or even on touching the cylinder, cannot be obtained, but 
the power of the magnet to draw out a further number of the stratifications is equally 
strong as before. 

General Conclusions. 

104. Prom the absorption of carbonic acid by caustic potash, we not only obtain a far 
more perfect vacuum than the Torric ellian , but the process of absorption is so gradual, 
that we are enabled to examine with much accuracy the different phases which the 
electrical discharge assumes. With the air-pump vacuum, a discharge that will not 
.pass one inch in air will, in the form of a wave-discharge, pass from wire to, wire through 
30 dr 40 inches, or even more; and as the vacuum improves by the absorption of the 
carbohic acid, the discharge gradually fills the tube with a luminous glow, showing 
narrow sfeatifieations commencing at the positive wire, the negative, wire' being. sur- 

as the vacuum continues to improve, the narrow stratifica¬ 
tions e-g fqnirt fhrouffid ut ihedisehaige to about bne ; inch d£ ‘llhe.negative wire, where 
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they terminate abruptly in a dark space, the negative wire becoming intensely red; in 
this state, if the contact-breaker is pressed so as to make the discharge more sudden, 
stratifications extend to the negative wire, which loses its red and assumes a luminous 
white appearance. As the absorption of the carbonic acid continues, the stratifications 
become more distinct and separated, and the dark space often extends, in a tube of 20 
inches in length, to 6 or 8 inches; they then assume a conical form, showing, when the 
contact-breaker is pressed, an apparent direction of force from the positive wire, cen¬ 
tring on the axis of the stratified discharge *; the stratifications are then of the cloud¬ 
like appearance, precisely the same form as in the best Torricellian vacua. Under some 
conditions the stratifications gradually disappear, the glass tube is filled with faint 
luminosity, which, when tested by placing a galvanometer in the circuit, is found to be 
no longer a conductive but a reciprocating discharge. When the process was carried 
still further, vacua-tubes were obtained, in which even this luminosity could not be per¬ 
ceived except with a stronger charge, as by attaching the condenser. In addition to a 
galvanometer, another vacuum-tube (which under the ordinary action of the coil showed 
stratifications) was introduced into the circuit and no light perceived in it; thus the rum- 
transferring condition of a vacuum has hem experimentally ascertained f. 

105. Whatever may be the length of the stratified discharge, it will always be found 
to be in the same electrical condition; from its great length the positive would appear 
to be the dominant, as it is equally long whether taken from the outer or inner ter¬ 
minal. In my previous paper I stated that I was inclined to the.opinion “that the 
stratifications, arose from pulsations or impulses, of a force acting on highly attenuated 
matter;” and I am the more confirmed in this opinion, as, if the pulsations or vibrations 
are greatest in bright hands and least in the obscure , this system of interfereme or of 
pulsations would also account for the entire absence of stratifications whm the air or gas 
is not sufficiently rarefied ,, as well as when the vacuum becomes nearly perfect, while the 
graduations of narrow to the. broad cloud-like stratifications can be thus satisfactorily 


explained. 

106. The absence of a dark band and of stratifications when the sides of .the negative 
wire are completely protected by glass tubing, is strong evidence that both must in some 
way be governed by the portion of the negative metallic surface which is exposed; by 
' prptcoihig the negative wire, we not only destroy all trace of stratifications, but 

'k ti de&geO, of k^ wemtiy a direct force from, the negative terminal. If the 
megalxve-‘liaiiweBeedlr«Ei^vpiAced\m a, direct line with the ;po$j,tive, the negative 
discharge is mtire&ifiji a latewd-dfrection, as is denoted by the. metallic deposit on the 

■"* Bus direction of feree in the positive discharge, is also ,noted by the perforation in the stick of 

$etassa (85). : ■ " '■ 

1 : preparing this communication forthe Rpyal Society, I observed that Professor Pittoctb states. 

the discharge in a tube containing oxygen for about 1£ hour, “the discharge through 
, till at last only single separate discharges occurred; finally,,the current 

_ y ____ .” I have since repeated the experiment in tubes carefully prepared by 

^; IJrrEjaAaxnijro^ eontinuingrthe discharges for several hours, but' without obtaining this result. . 
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sides of the vacuum-tubes; and PlUckee has shown that it arranges itself between the 
poles of a powerful electro-magnet in the line of magnetic force. In this communica¬ 
tion I have shown not only the appearance of the direction of a force as evinced when 
pausing through a narrow orifice, but that wherever this discharge impinges heat is 
evolved. At present I do not alter the opinion that I ventured to offer, that the dark 
band may be due to interference; but the new facts which have been elicited in relation 
to the negative discharge require a further, and probably an extended experimental 
investigation, and I am at present engaged in endeavouring to test the accuracy of the 
opinion I have offered, by means of apparatus now in the progress of construction. 

107. I am aware that in this paper I have entered somewhat more fully into detail, 
when describing my experiments, than is usual in co mmuni cations to the Eoyal Society, 
but I have been induced to be thus minute, as the subject is novel; and by explain¬ 
ing some of my experiments in detail, it may afford to others the means of exa minin g 
directly, and possibly more correctly, into the nature of that mysterious force which we 
denominate Electricity, and which is in many respects so nearly related to heat, mag¬ 
netism, and other forces, each being, as Mr. Gbove has long since shown, convertible 
into each other;, while the fact that a vacuum so perfect can be obtained in a closed 
vessel containing such a substance as hydrate of potassa, would excite a hope that the 
limit to vaporation, the existence of which Faraday* and others have, if not proved, at 
least rendered so probable, may be determined, and even its consequences exhibited by 

direct experiment _ _ 

John P. Gassiot. 


ClapJiam Common , 
December 8, 1858. 


Note.—Deceived January 11,1859. 


I sent my communication to the Eoyal Society, I have again obtained a non¬ 
conducting vacuum without the introduction of sulphur or selenium (95). In the 
extremity of a tube, No. 140, 40 inches long. If inch internal diameter, four pieces of 
caustic potash were inserted; the tube was then charged with carbonic add, exhausted, 
and hermetically sealed, as already described ; in this state the potash was carefully 
heated by a spirit-lamp until it melted; the tube being slowly turned, the potash on 
gradually cooling covered the surface of that portion of the tube in which it had been 
placed; in this manner it presented a large surface; in a short time the remainder of the 
carbonic add was absorbed, and the vacuum thus formed no longer conducted the 


d^&afee.;. - v.ViV-'v 

. ;If>tyfb yacuutii-tabes which conduct are attached, one td the inner : and the other 

of m. indu^tien-coil, without bang ofcfa&w; cmmected with 
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which conducts, the stratifications in each tube become clear and distinct, the dark dis¬ 
charges becoming as visible as if the circuit with the coil had been completed by a single 
tube. 

If the tube which conducts is replaced by one such as I have described in this Note, 
it will be found that the discharges in the two tubes attached to the coil are recipro¬ 
cating, while in that with which they are connected no luminous discharge will be per¬ 
ceptible, until heat is applied to the caustic potassa, when in a short time flashes of light 
will be observed, and then the cloud-like stratifications, the discharge in the two tubes 
at the game time being no longer reciprocating, but continuous. 

If a vacuum-tube is connected by flexible wires to the terminals of an induction coil, 
the tube can, when held by the hand, be moved to and fro with a rapid motion; if while 
in this state the discharges are made they will appear separated, forming in darkness a 
very br illian t fan-like figure. In my former communication* I have shown that, what¬ 
ever might be the length of a luminous stratified discharge in a vacuum-tube, “the 
full intensity of the discharge is visible at a single contact, exhibiting 80 to 100 strati¬ 
fications (36).” When a single disruption of the primary circuit is made in the manner I 
have described (30), while the vacuum tube is moved to and fro with rapidity, or if by 
an apparatus which I have had constructed, the tube is rotated in a plane, only a single 
discharge showing stratifications will be visible; the discharge takes place in that part 
of the circle in which the tube happens to be situated, at the instant of the disruption 
of the primary circuit ; but when the vibrating contact breaker of the coil is substituted 
for the single disruption (30), the motion of the tube gives it the appearance of illuminated 
spokes in a rotating wheel, the discharges being separated according to the velocity of 
the rotation. 

I venture to offer t his experiment as an evidence that the stratified discharge in vacuo 
is entirely due to a single disruption of the primary circuit. 

Jan. 10, 1859. 


Note.—Received February 17, read March 3,1859, 

Since my communication to the Royal Society (read January 13) I have repeated the 
Grove, wherein by an interruption of the secondary circuit through 
of.the electrical discharge in a vacuum-tube are destroyed; the 
results ± hive obtsdied, and which I now proceed to describe, tend to confirm me in the 
opinion I originally ventured to offer, that the stratifications arise from the effect due 
to pulsation, or impulses of a force acting on highly attenuated matter, and are not 
die to a conflict of two currents in the mw/mer explained by Mr. Gbove, which his 


ejk^etiment of simply making an interruption of the secondary circuit f has led him to 
, gagjgest;' these results also show that the varied form observable in the stratifications 
tihe greater or less density of the matter rem aining in the table; ’ 

•„/ •' X' f RiflosopMcal Magaziue^ 1858, p. AS. 
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I have already stated that the striae can be obtained by the electrical machine* if a 
Leyden jar is discharged through a vacuum-tube; they may at times be observed, but 
the discharge generally passes in the form of a wave of light of dazzling brightness; this 
has also been observed by Messrs. Quet and SEGumf; but if the intensity of the dis¬ 
charge is reduced by means of a wet string, the striae can be developed in a vacuum- 
tube as clearly and as distinctly as from the induction coil; this led me to suppose 
that when the circuit is interrupted, as in the experiment of Mr. Grove, the absence of 
striae is due to the heightened intensity of the discharge. 

Having at this time a considerable number of vacuum-tubes at my command, I have 
been enabled to repeat Mr. Grove’s experiment, and to test the above supposition in a 
variety of ways, and I invariably found that with the best vacuum-tubes which show 
large cloud-like stratifications, I could obtain the result described by Mr. Grove with 
greater certainty; for instance, in my large cylinder (103) which I exhibited at the 
meeting of the Royal Society on January 13, and with which Mr. Grove subsequently 
repeated his experiment at the Royal Institution on January 28, the stratifications are 
destroyed by an interruption of about one-eighth of an inch, although with other tubes 
the distance must not only be considerably increased, but the stratified and non-stratified 
discharges, “ notwithstanding all the care used, pass in irregular succession.” Now if 
the disappearance of the stratifications be due, as suggested by Mr. Grove, to the 
cut ting off of the feeble current by the interruption introduced into the circuit, it 
remains to be explained why a space of one-eighth of an inch abolishes the stratifications 
in one tube, while three times that space will fail to do so in another. 

With a vacu um -tube in which the stratifications were entirely destroyed when the 
secondary circuit was interrupted, I found they were always restored when the space 
thus interrupted was completed by means of a wet string; but as this experiment is not 
strictly anal ogous to the reduced discharge of a Leyden jar, it was varied by m akin g a 
second interruption in the circuit and closing this by a wet string; in this manner the 
discharge passed through the space in air, but being retarded by the string the stratifi¬ 
cations were again visible. • ' 

This experiment appears to be fatal to the theory of Mir. Grove ; .for the introduction 
of a wet string in a distant portion of the circuit cannot possibly help a feebler current 
to cross the interval opposed to it; it is quite evident that in this case, as well as in that 
of the Leyden jar, the appearance of the striee depends not upon the conflict of “ secondary 
and tertiary” currents, but simply as to the manner in which the discharge passes. 

I also ascertained that when, by means of an interrupted discharge, the stratifications 
are destroyed, they are reproduced in a carbonic acid vacuum-tube, when heat,is applied 
hj the caustic potash.; in this experiment the increased resistance arisesfroifi the greater 
^en&ity of the matter formed in the tube; if this be correct, the discharge, when passed 
simultane o usly through two; tubes, in each of which 'the att^huated matter possesses 
di fleT^t tfenaitiiaa, would produce ■ different effects ; if one tube exhibits with the ordi- 
V . * V ' t CompteB Rendus, December 13,*1858. 
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nary discharge the cloud-like character, and the other narrow striae, in the former the 
current, when interrupted through space in air, would pass without stratification, and in 
the latter they would be retained. 

Two tubes were so arranged, one showing the cloud discharge, in the other (filled with 
the vapour of iodine) in which the stratifications are clearly defined but very narrow ; 
by means of my micrometer-electrometer the secondary circuit could be interrupted or 
completed with great precision. When the secondary circuit is interrupted by separa¬ 
tion with the electrometer to about one-eighth of an inch, the large cloud stratifies 
tions in the tube disappeared, the discharges passing “ with uniform luminous flow,” as 
described by Mr. Grove ; but no alteration is perceptible in the iodine tube, in which the 
stra tificatio ns continue as before, even when the separation extends to half an inch; it 
is manif est that this result is also irreconcileable with the explanation offered by 
Mr. Grove, as, if the alleged feeble current were cut off in one tube, it would be cut 
off in both. 

J. P, G, 

Clapham Conmon, 

February 14,1859, 
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V TTT . On the Yertelral Characters of the Order Pterosauria, as exemplified in the Genera 
Pterodactylus (Cuvier) and Dimorphodon (Owen). By Professor Owen, F.R.S., 
Superintendent of the Natural History Departments in the British Museum. 

Received February 23,—Read March 24, 1859. 


Although the skeletons of the extinct Flying Saurians of the mezozoic strata have been 
discovered in a more complete condition than those of any other contemporary Reptiles, 
they have not, hitherto, owing to the delicate texture and commonly crushed state of 
the bones, afforded satisfactory observations of the structure of the vertebrae. Yet the 
vertebral characters of a saurian skeleton are of peculiar interest to the Palaeontologist 
and Comparative Anatomist, on account of the many and strongly-marked differences 
which they present in the extinct members of the Reptilian, class. 

In the exi sting species, the articular terminal surfaces of the centrum, with the excep¬ 
tion of those of the Geckos, Rhynchocephalus *, and of some single vertebrse in the 
column of other Reptiles f, are concave in front and convex behind. But in extinct Rep¬ 
tiles some genera (j Streptospcmdylus) show reverse positions of the cup and ball; others 
(Ichthyosaurus ) show both surfaces concave; others show both surfaces slightly concave 
(Teleosaurus) ; others show both surfaces flat (some Plesiosauri)', others are subconcave 
behind and flat before (Cetiosaurus) ; with many minor modifications. It is only on 
arriving at the uppermost of the mezozoic series of rocks in an ascending survey, that 
we find Lacertian genera ( Mosasawrus and Leiodon J of the Chalk) and crocodilians 
(Crocodilus hasifisms , from the Greensand of Few Jersey §) presenting the proccelian|J 
type of vertebra which prevails in tertiary and modem reptiles. 

No fossil vertebra from secondary rocks has come under my observation or know¬ 
ledge with characters of the articular ends of the centrum which distinguish the verte¬ 
bra of birds, viz. a concavity in one direction and a convexity in the other, the directions 
being reversed at the two ends of the centrum. 

All the foreg oing considerations hate tended to invest the question of the vertebral 
characters of the Pterodactyles with peculiar interest; and, especially, seeing the adapta* 


♦ Catalogue of the Osteologieal Series, Museum of the Royal College of Surgeons, #0.1853,p,142. _ 
t Biconcave fifth cervical vertebra in Chelone My das % biconvex first caudal vertebra, Crocodfle;—Cata- 
logue of the Physiological Series, Museum of the Royal College of Surgeons, voL i. I8^,pp. 52,53. 

$ BSstoiyofi^ritishPossilR^tilM,drto.p. 188. . : • 

§ “ Rotes on Remains of Eoasil SeBtiles discovered in Greensand FonMtions of New Jersey, Quarterly 


, ({Report^ 


aety, voli v. 1849, p. 380, y\" • 
j :Ifeptites,' Syb, : 88^ j I'J: >'j • 
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tion of their reptilian type of structure for flight, in reference to carrying out the com¬ 
parison of their skeleton with that of birds. I have therefore thought the summary of 
observations might not be unworthy the attention of the Koyal Society, which I have 
made, as opportunities presented themselves, for some years past, on the vertebral 
characters of different species of the order Pterosawria. 

Before entering upon such summary, I may briefly allude to the recorded observations 
on the subject. Baron Cuvier, in his celebrated memoir establishing the reptilian 
character of the Omithocephalus of Soemmering, which he, thereupon, proposed to call 
‘ Pterodactyle,’ almost restricts himself to a comparison of the number of the cervical 
a-nd dorsal vertebrae in the Pterodactyle and Bird*. Pive of the cervical vertebrae of 
Pterodactylus longirostris are stated to be “ large and prismatic like those of long¬ 
necked birds ”f. With regard to the dorsal vertebrae, “ the spinous processes of the 
anterior ones are a little longer, those of the posterior ones are short and cut square 

The able editors of the posthumous edition of the ‘ Ossemens Fossiles’ found nothing 
to add, in 1886, to the above-cited brief notices by the Baron on the vertebrae of the 
Pterodactyle, nor has anything material been with certainty determined and stated since 
that -time. 

The Pterodactylus suevicus described and figured by Professor Quenstedt in 1855, 
was perhaps in the best condition to have thrown some additional light upon the subject; 
but the most important remark relates to one of the dorsal vertebrae, in which “ the 
articular surfaces of the body are convex at the back end, as in the Crocodile, concave 
at the fore part. At least so it seemswrites the author §. 

In regard to the cervical vertebrae, the author says, “they seem not to have the 
trochlear joints as in Birds, yet a small cavity may be observed on the articular 
surfaces ||.” 

Accordingly, Professor Pictet, in the able summary of the characters of extinct reptiles 
in the last edition of his * Paieontologie ’ (8vo, 1857), limits his notice of the vertebral 
characters of the Pterodactyles to their number in the different regions of the spine. 

Prom observations .made on species of Pterosmria, extending from the period of the 
T.lagj as, exemplified by the JHmorphodon macronyx , to the Upper Greensand, as exem¬ 
plified by tboPterodactylus Sedgwickii and Pter. MUoni, I am now able to state that, both 



ed. gvo. tom. x. (1836), p. 215,222. 

—-~“”des et prismatiques oo jmm e celles des oiseanx & long, con,” tom. cit. 


j « Lea apophyses dpineuses antdrieures Bout un pen pins longues; les poBtdrieures sont conrtes et cou- 
pdes cairdment,” ih. p,233. The figpres show that the author is apt speaking of two kinds of spinous pro- 
cesses on the same vertebra. \ 

; §' “ Die Greleukflaehe der Wirhelkorper war auf der Hinterseite convex, vie beim Orokodil, voro dagegen 
’ utmmi' So scheint es wenigstens.”—Q uhststedi, TTeber Pte/rodactylut suevicus im Lithographischen 

45. 

- ' [|' “ Sieacheinen nicht das Nussgelenk wie bei Yogeln zu haben, obwohl man erne kleine Grubs auf der 
1 Q^enMSohewtte #. p. #)■ ■ ‘ ■ r- 
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with respect to the cervical and dorso-lumbar vertebrae, the terminal articular surfaces 
of the vertebral bodies are simply concave anteriorly (Plate X. fig. 1), convex posteriorly 
(ib. fig. 2)*; and that they consequently manifest the earliest known instance of the 
‘ procoelian’ type which now prevails in the reptilian class. But in no other reptile are 
those articular surfaces so narrow vertically in proportion to their breadth as -they are 
in the cervical vertebrae of the Pterosauria (ib. figs. 1, 2,12-14, b, c): in the dorsal 
series the cup and ball present more ordinary saurian proportions. 

This fact, b eing established, will give new and increased interest to the working out 
and examination of any detached vertebrae from secondary rocks which resemble in 
texture and size those of Birds and Pterodactyles. It has been alleged, for example, 
on microscopic characters of the osseous tissue, that certain pneumatic wing-bones found 
fossil in Stonesfield slate, are those of birds. But every such vertebra from that lower 
oolitic bed which I have yet seen, has the simple terminal articular concavity or convexity 
characteristic of the Pterodactyle. A single specimen showing the interlocking joint, 
i. 6. a tr ans verse concavity and vertical convexity, or the reverse, would establish the fact of 
the existence of birds d uring the period of deposition of the stratum cont ainin g such 
fossil vertebra. There is but one exception, so far as I know, in the whole class of 
birds, to the foregoing type of vertebral structure; this occurs in a bird (Aptenodytes) 
which does not fly, but has the wing-bones dense, solid, and modified in form to serve 
the office of a fin, and is exemplified in but a small part of the vertebral column. In 
the third to the eighth dorsal vertebrae inclusive, the fore-part of the centrum is simply 
convex (ib. fig. 22, <?), the hind part concave, and this part is concave in the second 
dorsal; but the fore-part of this dorsal vertebra is concavo-convex, as in the cervical 
vertebrae of the P enguin, and in the cervico-dorsal vertebrae of all other birds. But, 
besides the reverse positions of the cup and ball in the above dorsal vertebrae of the 
Penguin, as compared with the dorsal vertebrae of the Pterodactyle, the latter might be 
distinguished by the absence of the large bifurcate hypapophysis (ib. fig. 22, hy) which 
projects from the dorsal vertebrae of the Penguin; the inferior surface of the dorsal 
vertebrae in the Pterodactyle being smooth and simply convex transversely,, and slightly 
concave longitudinally. The anterior cup becomes more shallow in the last lumbar and 
first sacral vertebra of the Pterodactyle; the confluent articular surfaces of the sacral 
vertebrae are fla ttened. In the caudal' vertebrae of the Pterodactyle the anterior trans- 
versely-elliptical cup and posterior ball are resumed at the articular end of the centrum; 
at least in most of the anterior caudal vertebrae of the great Pterodactiylus Sedgwickii 
(ib, figs. 36,* 37). - , ., '' 

• Voir Metis was led to believe from tbe embed specimen of Pterodaotylm described and 

figured in bis ‘ PaJaeoD-tograpbica,’ Erster Bd. 4fo. 1851, p. 10, that botb articular surfaces of tne bodies of 
the cervical vertebrae wereconcave; and] that tbe hinder surface of a dorsal vertebra was not convex. ^ But 
this error due totbef state of ,tbe specimen. See tdso bis ScMefer,’ 
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The cervical vertebra average seven in number, counting the coalesced atlas and axis 
as one. They are characterized by their superior size, and especially length, as com¬ 
pared with the other vertebra in the same skeleton; but differ in different species in this 
respect, being longest in those Pterodactyles with long, light and slender jaws, shortest 
in those with shorter, stronger and thicker jaws. The third to the sixth inclusive pre¬ 
serve the same, or nearly the same, length; the seventh becomes shorter, and exhibits 
other modifications transitional to the dorsal vertebra. 

The or dinar y cervical vertebra in Pteroductylus SedgwicMi (figs. 1—10) has a long 
depressed centrum ( b—c ) coalesced with the neural arch (n), slightly concave lengthwise 
at the sides, slightly convex lengthwise below, at least in the fourth or fifth cervical 
(fig. 5). It developes a pair of short obtuse processes (/), which form the posterior 
inferior angles, and between these the under surface is concave transversely; the articular 
ball (l) seems as if tilted up above the level of these processes. There is a low obtuse 
hypapophysis (h) at the fore-part, the base of which is in some cervicals prolonged 
backward a short way as a rudimental ridge. A large ‘ foramen pneumaticum (figs. 5, 
7, 8, o) perforates the middle of the side of the vertebra at the line of junction of the 
centr um and neural arch; it conducts chiefly to the large cancelli in the centrum. 

The neural arch is low; broader, but shorter, than the centrum. Viewed from above 
(fig. 9), it presents a subquadrate form, deeply emarginate before and behind, less con¬ 
cave at the sides, and with the four angles produced to form the zygapophyses. The 
articular surfaces of the anterior pair (*) look upward, inward and forward; those of 
the posterior pair (s') downward, outward and backward: both are flat. The anterior 
zygapophyses (fig. 10, z) project on a level with the sides of the anterior articular cup, 
some way in advance of it, the base of the process being divided by an oblique notch 
from the cavity. The posterior zygapophyses (fig. 7, s') do not extend quite to the 
hinder ball; they project above its level; there is a tuberosity (m) above the articular 
surface in many vertebra. The neural canal (fig. 6, n) is slightly expanded at its outlets, 
subcylindrical in transverse section, about half the length of the centrum; consequently 
leaving a large proportion of the spinal cord unprotected by bone at the intervals of the 
successive neural arches. The neural spine (fig. ■ 8, ns) is moderately produced, com¬ 
pressed and truncate; its base is coextensive with the summit of the arch, and it con¬ 
tracts, as it rises, with a sharp anterior border. Not any of the cervical vertebra possess 
tev^u^^in^tts which give the great transverse anterior breadth to the cervicals 
in the Ibirci, and bbi^lete/there the large vertebrarterial foramen on each side: nor is 
-the hypapophysis double, forming a transverse pair, as in most of the neck-vertebra of 
birds. The processes answering fo/ in the Pterodactyle are rudimental, when present, 
in,the bird. ,' \ '\V ; '** 

i Tlre chief differences in seemingly answerable cervical vertebra, in different indi- 
'vidmlSv perhaps species, of large Pterodactyles from the Upper Greensand, are seen in 
the bf, depth or depression of the centrum, with corresponding differences in the, 



CHARACTERS OP THE ORDER PTEROSATJRIA. 


165 


form of the foramen pneumaticum, as shown in figs. 5,7 and 8; with some slight differ¬ 
ences in the hypapophysis affecting the lower contour of the centrum, and in the propor¬ 
tions of the articular surfaces of the zygapophyses. 

In the sixth cervical vertebra the centrum becomes flatter below, and an anterior par- 
apophysis (jp) sometimes extends to the under part of the prezygapophysis (z), circum¬ 
scribing a small arterial foramen, as in fig. 11. 

In the last cervical (fig. 12) the centrum becomes much shorter: a diapophysis (d) is 
more distinctly developed behind the prezygapophysis (z), and these, with the parapo- 
physis now completing a larger arterial canal, form a protuberance resembling that in 
the bird, on each side the fore-part of the vertebra. 

In the dorsal vertebrae (figs. 13-21) the centrums grow deeper as they shorten, with 
a proportionate expansion of the articular cup, as in fig. 17, and ball, fig. 20. The 
posterior zygapophyses (fig. 14, z') are more approximated, project from a higher level, 
are shorter, with the articular surfaces rather convex and looking more outward, and ' 
more distinct from the tubercle above (fig. 15, z\ ml). The neural spine (ws) is thicker. 
There is a s ma ll pneumatic foramen behind the base of each diapophysis. The walls of 
the neural arch increase in height, expanding as they rise, to send out the diapophyses (d) 
to which the free ribs articulate. These ribs are slender and hollow, as in Serpents 
(fig. 23, a). 

In what appears to be a lumbar vertebra (fig. 24) the neural arch again sinks, and the 
strong diapophysis (fig. 24, d) projects far, without supporting a rib. In the first sacral 
vertebra (fig. 25) the fore-part of the neural arch (d) forms a broad transversely extended 
vertical wall above the small neural canal (ri), and the strong transverse process ( d . .ja) 
ginks or extends its base vertically down to the lower border of the mferiorly flattened 
centrum (fi g . 25, c and fig. 26, c). Fig. 27 shows parts of the bodies of three anchylosed 
sacral vertebrae of a neocomian Pterodactyle, the first having an anterior concave articula¬ 
tion (ib. a), as in the larger specimen, fig. 25 ; the groove for the passage of the nerve 
notches the back part of the parapophysis close to the line of suture with the second 
sacral vertebra. In this vertebra the corresponding nerve-notch is- more advanced, 
leaving a short sutural surface behind, indicative of a position of the neural arch crossing 
for a short extent the line of junction of the second with the third sacral centrum. The 
parapophyses (jp) of the second vertebra are sent off almost on a level with the lower 
surface of the centrum, which is almost flat. 

Atlas and axis vertebra of the Pterodactyle (figs. 28-34). 

These vertebrae early coalesce with each other, but I have been able to separate them 
in a young specimen. ~ : 

. The atlasconasts of a centrum (figs. 28, .29,30, o) and of two styhtar neurapophyses 
me specimen there seemed also to be a very small flattened neural spine. 

tit ho-.disooidL-f Jhl^waas'fBod. beootiates anchylosed 

for circular, (fig. 28; hj. 



166 


PROFESSOR OWEN ON THE VERTEBRAL 


The neurapophyses, resting on each side of the upper half of the centrum of the atlas, 
converge and articulate above with two small tubercles (figs. 31 and 32, z) on the fore¬ 
part of the neural arch of the axis, almost meeting but not uniting above the neural 
canal (fig. 28, n). 

The body of the axis (figs. 29, ccc) is eight times larger than that of the atlas: it 
expands posteriorly, and terminates by a transversely elliptical ball (h) at the upper part 
of that end, and in a pair of thick short obtuse diverging apophyses (p ) at the lower 
part. There is a rudimental hypapophysial ridge (fig. 33, hy) from the middle and 
toward the fore-part of the under surface of the centrum. There is no trace of a hyp- 
apophysis, free or anchylosed, below the body of the atlas. 

The centr um of the axis-vertebra is confluent with the neural arch: at the middle 
of the side, apparently crossing the line of junction, is a large subcircular aperture 
(fig. 29, o), which leads directly into the widely cancellous structure of the bone below 
the neural canal. This vacuity, as in the other cervicals, answers to the ‘foramen 
pneumaticum ’ in the vertebrae of birds, and doubtless admitted a production from the 
air-cells extending along the neck of the Pterodactyle into the cancelli of the osseous 
tissue. The neural arch (noc) rests upon the three anterior fourths of the centrum; it 
expands as it passes backward; and there, also, as it rises, until it sends off from each 
posterior angle the zygapophysis (z 1 ), which has a tubercle above, and a flat articular 
surface below, looking downward and a little outward and backward. The small 
tubercles at the fore-part of the neural arch (fig. 31, z), to which the neuxapophyses 
of the atlas are ligamentously connected, may be the stunted homologues of anterior 
zygapophyses. The neural spine begins by a low ridge between those tubercles, increas¬ 
ing rapidly in thickness behind; but it has not been preserved in its full height in any 


specimen. 

In the small atlas and axis (figs. 32—34) the line of suture between the bodies of 
these two vertebrae is distinct. In a somewhat larger specimen, the centrum of the 
atlas was separable by a smart blow, and showed the true anterior surface of that of the 
attih (fig. 31); it is very slightly concave with a submedian prominence. A vertical sec¬ 
tion of the anchylosed atlas and axis is shown in fig. 30: the neural canal (n) expands 
at its posterior outlet: the large cancelli of the centrum are filled by the matrix. 

Qa c omparing the atlas and aria of the Pterodactyle with that of the Bird, the Ostrich 
fbr" example,' the atlasin the bird is represented by the neuxapophyses which have 
coalesced b&v triih a hypophysis, forming an irregular ring of bone. The centrum 
has coalesced with that of the axis forming a small prominence convex anteriorly, and 
filling up the vacuity at the upper pept of the cup excavated in the fore-part of the hyp- 
apophysis: the neurapophyses are broad in the bird, and overlap the anterior zygapo- 
axis; they meet above the neural canal, hut retain the separating fissure 
Ostrich. The centrum of the axis is broader before than behind. A short 

from the fore-part of the centrum, unites with a 
tbe neural arch to form an arterial canal. The pneumatic foramen is 
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behind the diapophysis, and conducts to the cancellous tissue of the neural arch. The 
centrum is produced into a strong hypapophysis below the posterior articular surface, 
but not expanded laterally into transverse processes, answering to those marked in 
the Pterodactyle. The hinder articular surface of the centrum of the axis of the bird is 
convex transversely, but concave vertically, not simply convex, as in the Pterodactyle; 
thus a portion of the vertebra of that reptile, notwithstanding its pneumatic structure, 
might be distinguished from the vertebra of a bird. 

The caudal region of the spine is that which, in the Pterosawria, as in the Bats and 
most other natural groups, is subject to most variety. In Pterodactylus (Mhamphorhyn- 
chus) Qemmingi , v. Meyeb, from Solenhofen slate, the tail is very long, and most of the 
long and slender vertebrae, between thirty and forty in number, seem to have coalesced 
into a stiff style for supporting an expanded interfemoral membrane. In Pterodactylus 
longirostris , Cuv. the tail is short, and the small and short vertebrae are free. In the large 
Pterodactyles from the Cambridge Greensand, it would seem that the tail was of mode¬ 
rate length and the vertebrae are free. The collections ex amin ed by me included fifteen 
caudal vertebrae. 

The largest of these (figs. 35-37) measures 1£ inch in length; it is slightly contracted 
in the middle; the fore-part of the under surface is a little produced; the back part 
almost flat between the rudimental processes (_£>’): the shallow anterior concavity (fig. 
36, c) has res um ed its transversely elliptical shape, and the hinder convexity is defined 
below by a shallow groove connecting the processes (/). There is no pneumatic foramen, 
unless a small hole on each side the hinder outlet of the neural canal have served as such. 
The neural arch is long and low, of one piece with the centrum, which extends beyond 
it posteriorly ; it sends off short obtuse zygapophyses before and behind: those in front 
extend beyond the cup of the centrum; the surfaces on those behind look downward 
and backward. The base of the spine is coextensive with the summit of the arch, but 
is narrow. * The neural canal is much contracted. There is no indication of a haemal 
arch, either by articular or fractured anchylosed surfaces. The diameter of the middle 

of this vertebra is 6 lines. • 

The next caudal vertebra in size measures 1 inch 5 lines: The base of the neural 
spine begins two lines behind the fore-part of the arch, but terminates nearer the hind 
part. The nervergrooves notch the hinder zygapophyses* 

Three more slender caudal vertebrae present each a length of 1 inch 3 lines: the dia¬ 
meter at the middle is 5 lines in one, 4 in a second, and 3^ in the third vertebra,, sho^* 
ing that they become more slender without losing length. A caudal vertebra,.8-Tines 
across the middle, appears to have been nearly an inch in length; but both extremities 

are injured. ^ {; -• 

lie. most:perfect vertebrae of other species of Pterodactyles from, older formations 
which I have as yet haflopportunities of ex aminin g, axe those of a rather large species 
from the biplitieiiatb M Stop^eld,. Tpfr. ;te#ismitted to me, some, years 
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proportion to their length than in the larger species from the Greensand. The articular 
cup and ball of the centrum have the same relative position and transverse breadth. 
The hypapophysis (hy, fig. 39) is further from the anterior border. The neural arch has 
the same superior breadth, compared with the centrum. There seems to have been 
rather more development of the process uniting the base of the anterior zygapophysis to 
the centrum. 

The cervical vertebrae of the Pterodactylus (. Ihmorphodon ) macronyx, from the lower 
lias of Dorsetshire, present the same type of structure. 


Explanation op Plate. 


PLATE X. 

All the figures are of the natural size, and with the exception of fig. 22 (. Apteno - 
dytes jpatachonica), belong to the Pterodactyle; and of these, all, save figs. 23, 38, 
and 39, are from the Upper Greensand, near Cambridge. The details are explained 
in the text. 

Pig. 1. Front view ' 

Fig. 2. Back view 

Fig. 3. Under view l of a middle cervical vertebra, Pterodactylus SedymcUl 
Fig. 4. Upper view 
Fig. 5. Side view . 

Fig. 6. Vertical longitudinal section of a similar but more mutilated vertebra. 

Fig. 7. Side view of a middle cervical vertebra, Pterodactylus Mttoni. 

Fig. 8. Side view of probably fifth cervical vertebra, Pterodactylus Mttoni . 

5®'^' ^PP er ^^lof a middlecervical vertebra, Pterodactylus Mttoni. 

Fig. 10. Under view/ 

Fig, 11. Front view of sixth cervical vertebra, Pterodactylm Mttoni. 

Fig., 12. Front view of seventh cervical vertebra, Pterodactyl/us Fittoni. 

last cervical or first dorsal vertebra, Pterodactylus SedgwicMi. 
l^g;14. i ME view /, i i . * 

Fig. 15.: Bifid vjdw Aof a dorsal vertebra of a smaller Pterodactyle, with the transverse 

Fig.16. Front,view) processes brokpnoft . - . 

Fig. 17. Side view of a more posterior dorsal vertebra. 

!!' "Lf centrum of large posterior dorsal vertebra. 

Fig, 19, Hinder surface/ . - r 

Fig. 20. Back view of a middle or posterior dorsal vertebra. 

F%. i 21. Under surface of the dorsal vertebra, fig. 16. 

F%, 2^ dorsal vertebra, Aptenodytes patacbmca. 
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Fig. 23. A rib of Pterodactylus Bucklandi, from Stonesfield Oolite. 

Fig. 24. Front view of a lumbar vertebra, Pterodactylus SedgwicMi. 

Fig. 25. Front view of first sacral vertebra, Pterodactylus SedgwicMi. 

Fig. 26. Under view of first and second sacral vertebra, Pterodactylus SedgwicMi 
Fig. 27. Front and under view of centrums of first three sacral vertebrse of a smaller, 
probably younger, Pterodactyle. 

Fig. 28. Front y i ew | 0 £ an( £ a^s vertebra, Pterodactylus SedgwicMi. 

Fig. 29. Side view J 

Fig. 30. Vertical longitudinal section of atlas and axis, Pterodactylus SedgwicMi. - 
Fig. 31. Front view of axis vertebra, Pterodactylus SedgwicMi. 

Fig. 32. Side view 

Fig. 33. Back view lof atlas and axis vertebra, Pterodactylus Mttoni. 

Fig. 34. Under viewJ 

Fig. 35. Under viewl ^ ^ anterior caudal vertebra, Pterodactylus SedgwicMi. 

Fig. 36. Front view J 

Fig. 37. Upper view! of a cervical vertebra, Pterodactylus Bucklandi , from Stonesfield 
Fig. 38. Under view) Oolite. 
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IX. On the Comparison of Hyperbolic Arcs. By Charles W. Meeeifield. 
Cammmicated by the Rev. Dr. Booth, F.R.S. 

Received March. 8,—Read March 31,1859. 

Ah application of Jacobi’s second theorem—the imaginary transformation—has led me 
to a formula which reduces the comparison of the arcs of hyperbolas to the same 
facility as that of elliptic arcs. The transformation is so easy and obvious, that I have 
had some hesitation in publishing it; but I observe that my result was not noticed by 
Legendre, or by Professor Moseley, or in any more recent work which I have seen. 
Some of its applications, too, are worthy of remark. 

I shall use the ordinary notations:— 

A(0, p)=(l—sin 2 d sin*p)*, F(0, E(0, q>)=$A(6, <p)d<p. 

The functional equation 

Ffo+Fft—Fft:=0.(A-) 

is satisfied, as is well known, by either of the three trigonometrical equations— 

cosp s =cosp,cosp 2 —sin^sin^a V(l—sin 8 0.sm*p s ) .... (1.) 

cosp^cos&cosipa+sinipjsinpa */(l— sin 2 d.sin 2 <p a ) .... (2.) 

cos<p,=cos-p a cosp 3 +sinp s sinp s V^l-—sin 2 4.sin 2 'p,).(3.) 

Dividing each of these by cosp,.cosp a .cosp g , and transposing, they become 

sec<p*=secpiSecp a -ftanp 1 tanp a y''(l+cos 2 0.tan 2 p s ) .... (4.) 

sec^sssec^sec^j—tan^tanips V'(l-fco8 s ^.tan s ?' s ) ... • • (®0 

sec^ssSec^aSec^—tan^ a tan?i 9 v'(l+cos*^.tan*^,); • • • • (6.) 

It will be noticed, that we might pass from one set to the other, directly, by substi¬ 
tuting sec <p for cos <p, s/--' tanp for sin <p, and cos 6 for sin 6. These substitutions con¬ 
stitute Jacobi’s second theorem. They convert 

_ 

(1 —sin® S. sin® <p)$ m (1 —sin* fl. sin® p)*’ 

and ~ ' 

, f .. (l^sin s d.sin s p)*<Zp into sm^.ffln*^)*. • 

Now, calling Eft we know that , 

&' • ;• •. * • ■ ( 7 .) 
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If, therefore, we make the above substitutions in this equation, and divide by s/ —T, 
we have, making H£==j^Js^ (1—sin 2 6 . sin 2 <p)*, 

Hp,+H<p 2 —Hp 3 == — cos 2 6 .tan ft. tan ft. tan ft..( 8 0 

Moreover, since we also have 

I^+F^-FPa-O, 

it is evident that these equations remain true, if we put for 

E <p, Ep+A.F<p, 

or for Hp, Hp-{-&.F<p, 

k being any constant whatever. 

If we make k--sin 2 d, Up=Hp-sin 2 4.Fp represents the arc of a hyperbola. 

In fact, if ^-^=1 be the equation to a hyperbola, and we make the ordinate 


y~ cos 2 6 . tan <p, we have the abscissa —sin 2 8 sin 2 p). From these we may 


obtain by differentiation, 

J \/(dx> +^ 2 )=JU^ ^(l-smVsin 2 ?)) 

_r 1—sin 2 9sin 8 <p 

j cos 2 ^V r (l—•£ 


sin 8 fl.afip 
)•/(!—sin 8 9. sin 2 p)’ 


-sin 2 0.ain 9 <p) * 

or U<p=H<p—sin 2 d.F<p. 

If we make sin r=sin sin p, v is the angle which the normal of the hyperbola makes 
with the axis of a?. If we change the variable from p to r, we have 


U=sin 2 4. cos 2 6. 


r_ dx_ 

J (sin 2 6—si 


sin 9 rf 


an equation which bears a remarkable analogy to the arc of the ellipse referred to its 
tangent, 

E 1 -E=cos 2 9. f- r~— y 

It may be worth while to remark, that 6, the angle of the modulus, represents, in the 
ellipse, the eccentricity, while in the hyperbola it represents the angle between the 
a^fiaptote and the ordinate. 

* >^:#-#^arison- of ,hyperbolic arcs, therefore, we have the equation 

’•i0% •?•• ti” pi —cos 2 tan p x .tan ^ 2 . tan P& ....... (9.) 

answering to the equation for elliptic ares, . 

Epi+Ep 2 —Ep 3 :=sin 3 #.sin p x . sinp 2 .'sin<p». . . -1 . . . . • • (7.) 


Formula (8.) may be derived from 


' , ; ‘ \ / w i - ' r JL - I v ?. \ f.' \ S ' V 

th^ fcrmula (7.) is derived from the equations (1.), (2.), (3.)*. 


(5.), (6.) in exactly the same way 


see IfflSBHBBB, * Functions Elliptigues,’ yol. i. p. 48, or Moseley “ On Definite lute- 
Pure Mathematics,’ vol. ii. p. 497. 
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In particular, if <p 3 =far, we have, for the complementary functions, Up,+U<p 2 =cc, as 
it ought to be, since the whole length of the curve is infinite. 

For duplication, making <pj=<p 2 =», we have 

Up s —2U»=(cos0.tan&i) 2 tan <p 3 . 

The same formula serves for bisection, if we obtain a from <f> 3 by the help of the 
elliptic equations. 

Equation (8.) is easily verified at the extremes, making 6=0, 

and we have the known theorem 

tan os+tan/3—tan (a-f-/3)=—tan a.tan/3. tan (o5+^)- 


If we make 


whence 


6=j, Ap=cos p, andHp=j* 


CJl_ 

J 


CJ£l A_o,.(10.) 

J cosfi Jcos J cos <p 3 

which is also a particular case of F^+F^—F^ 3 =0, depending on the particular equa¬ 
tion 

sec p 3 =sec p, sec p 2 +tan < p, tan p 2 , .(11.) 

which 1 should call the meridional equation, from its connexion with the common 
formula for meridional parts, and with certain curves on Mercator’s Chart, which I have 
discussed elsewhere. 

I have taken the trouble of deducing (8.) from (4.), (5.), (6.) directly, but the process 
is so exactly parallel to Mr. Moseley’s work, at vol. ii. p. 497 of the work above cited, 
that it would be unnecessary to insert it here. 

A simpler verification may be found as follows: differentiating with regard to p the 
expression tan p. A p, we have 

d ,, . . Afl sin s 0sin 2 e Ap . A 1 

^ (tan <p . A<p) — cog a^ ^ ~cos a f^~ ^ Ap’ 

whence, by integration (no constant needed, since each term vanishes with p), 

tanp.Aps=Hp+Ep—Fp.(12-) 

If we now add the equations (7.) and (8.) and subtract the equation 

Fft+Fps—F&=0, 


we should have, substituting (12.), 

tan Pi.A^-j-tan <p s . A&—tan <p 3 . Aft,=sin 2 5.sinp,.sin p % . sin p 3 —cos 2 6.tmp v tany> s .tanp 3 . (13.) 

This equation may be easily verified by using the values of A p„ Ap„ and Ap s obtained 
directly from the equations (1.), (2.), (3;), and clearing by means of the quadratic to 
which tiiey all lead* } £V/, V ,V’' 

1+2 cos 
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Equation (8.) leads to a formula for the direct reduction of the logarithmic integral of 
the third whose parameter is negative and greater than unity. It is the exact 
analogue of Legendre’s formula for the reduction of the same integral where the para¬ 
meter is negative and less than unity, pp. 153,154 of his third volume on Elliptic 
Functions. The reduction is of some importance, because on it depends the possibility 
of tabulating those functions, which would otherwise require a table of tvcblc entry, too 
cumbrous to attempt. 

Let &», and a> 3 be two amplitudes, such that, for the common modulus 4, we have 


(4 


F«,=Fp-l-Fa ... ."I 

F<u s =Ff-f-Fa . . . .J 

We must have simultaneously 

H a> t 4-Ha—Hp = — cos 2 6 tan a tan <p tan <u x . 

Hp 4-Ha—Ha) s = —cos 2 6 tan a tan p tan . 

and also, putting for shortness tip for \/(l+ cos 2 6 tan 2 p), 


■J 


w. 


Let us next consider the function 

a=sv* a -v«, 


, _ tan $ cos ala — tan ct cos 

1 — cos 2 8 tan 2 «tan 2 j> 

, _ tan <p cos + tan « cos *pS« 

Ui 1 + cos 9 9 tan® a tan® <p 




(c). 


If we regard a as constant, we obtain from equations (a.), 

dco 2 _ dp _ d0 t 

Ae« a A <p A»i’ 

whence 

How formulae (t.) and (c.) give 

H%—H»!=2Ha4“ cos 2 6 tan a tamp (tan u % - f- tan »,), 
and 

, 2 tan « cos 

tanft> a 4-tan<v, j _ cog* $, tan®«. tah 5 ^ ’ 


% 


; ' ' ,r H I , ‘ l 

: • > : , tA r^frT I cos 8 9sin«tan 8 p&x ] 

.. ‘ 1 — cos 8 9 ten 8 a tan 9 ? j 

1 and, after a few reductiohs, we find . 

•’ * ,,.. .a ; 

. * \ A« / r A«, , jl—,(1 +cos*itan®«)sin 8 f Af 

r bri'transposing, ' '•••'“; '• 

needed, since Vp is an even function of p. 
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One lesson we may learn from tins process is, that the proper expression for the 
negative par ame ter greater than unity is —{1+cos 8 6 tan 8 a). In geometrical researches 
this r emar k will probably lead to simplicity. Legendre has deliberately avoided the 
discussion of this form of the parameter*. His reason was, that the complete integral 
presents itself in the form of oo—oo. 

The tabulation of the function Va» would only require a table of double entry. 

It may be as well to notice that the equations (a.), (5.), (<?.) are solved by auxiliary arcs 
as follows: 

Assume 

tan j) a = tan <pAu, tan jj, = tan uA<p, 

then 

> »*—%+#!• 

It is needless to remark that Jacobi’s transformation does not enable us to reduce 
the integral of the circular form. The difficulty which we here encounter, is exactly 
analogous to that which presents itself in the reduction of the cubic equation of ordinary 
algebra. In fact, if we were to apply Jacobi’s transformation to one only of a or <p, the 
a uxiliar y arcs just mentioned would give values of &> of th e form 1), and the 

difficulty would depend upon the interpretation of !))• 

* See Fonctions EUiptiques, vol. i. p. 71. sect, 53, 
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X. On the Thermo-dynamic Theory of Steam-engines with dry saturated Steam, and 
its application to practice. By William John - Macquorn Raitkine, C.E., LL.B., 
F.B.SS.L. & E., Pres. Inst. Eng. Scot., Regius Professor of Civil Engineering and 
Mechanics in the University <md College of Glasgow. 

Beeeived December 27,1858,—Bead January 27,1859. 

Introduction. 

It was demonstrated independently from the laws of Thermo-dynamics, by Professor 
Clausius and the author of this paper, in 1849*, that when steam or other saturated 
vapour in expanding performs work by driving a piston, and receives no heat from with¬ 
out during that expansion, a portion of it must be liquefied. 

That theoretical conclusion has since been amply confirmed by experience in actual 
steam-engines; for it has been ascertained that the greater part of the liquid water 
which collects in unjacketed cylinders, and which was once supposed to be wholly 
carried over in the liquid state from the boiler (a phenomenon called “ priming ”), is 
produced by liquefaction of part of the steam during its expansion; and also that the 
principal effect of the “jacket," or annular casing enveloping the cylinder, filled with 
hot steam from the boiler, which was one of the inventions of Watt, is to prevent that 
liquefaction of the steam in the cylinder. 

That liquefaction does not, when it first takes place, directly constitute a waste of 
heat or of energy; for it is accompanied by a corresponding performance of work. It 
does, however, afterwards by an indirect process, diminish the efficiency of the engine; 
for the water which becomes liquid in the cylinder, probably in the form of mist and 
spray, acts as a distributer of heat and equalizer of temperature, abstracting heat from 
the hot and dense steam during its admission into the cylinder, communicating that heat 
to the cool and rarefied steam which is on the point of being discharged, and thus lower¬ 
ing the init ial pressure and increasing the final pressure of the steam; but lowering the 
initial pressure much more than the final pressure is increased. Accordingly, in all 
cases in which steam is expanded from a high down to a low pressure, it has in practice 
been found necessary to envelope the cylinder in a steam-jacketf. The liquefaction 
which would , otherwise have taken place in the cylinder, takes place in the jacket 
inStead, where the presence of the liquid water produces no, bad effect^ and that water 

iS xeturned to the boiler. " ' f ' 

In doubie-cyiinder .engines, where the expansion of the steam begins in a smaller 

* BoeerawQBcnr’B ^ Annal en,* 1850; Edinburgh Jhansaetioiis, vol. xx. 
v MDCCCLK. . ' * 
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cylinder and finish es in a larger, the usual practice is to have steam-jackets round both 
cylinders; but in a few examples in which the smaller cylinder alone is jacketed, the 
liquefaction is found to be almost wholly prevented, showing that the steam during its 
passage from the smaller to the larger cylinder receives sufficient heat, either directly 
from the small cylinder or indirectly by conduction from the smaller to the larger 
cylinder (which is in close contact with the small cylinder), to prevent any appreciable 
portion of it from condensing. 

The only exact formulae hitherto published for the work performed by the steam on 
the piston, viz. those contained in a paper on thermo-dynamics by the author of this 
paper, which was received by the Royal Society in 1853 and published in the Philoso¬ 
phical Transactions for 1854, and those contained in a paper by Professor Clausius, 
published in Poggendorff’s ‘Annalen’ for 1856 (the same results having been inde¬ 
pendently arrived at in both papers), are adapted to cylinders without steam-jackets. 

It is obviously desirable that exact formulae should be deduced from the principles of 
thermo-dynamics, for the action of steam in jacketed cylinders also; and the present 
paper is intended to supply that want. In the first place, those fundamental equations 
of thermo-dy nami cs, to which it is afterwards necessary to refer, are briefly recapitulated: 
then the exact formulae for the action of steam, and the corresponding expenditure of 
heat, in jacketed cylinders are deduced from them, and exemplified by numerical 
results:—then is explained a convenient approximation to the exact formulae, founded 
on the facts, that within the limits usual in practice, the pressure of saturated steam 
varies nearly as the seventeenth power of the sixteenth root of its density; and that the 
expenditure of* heat in a jacketed cylinder is nearly equal to fifteen and a half times the 
product of the initial pressure and volume of the steam:—and, lastly, are given 
examples of the application of the formulae to the engines of three steam-vessels recently 
experimented on by the author, and a comparison of the results of the formulae with 
those of experiment 


Summary of previously-known Principles and Formula. 

. The, following is the General Equation of Thermo-dynamics which has been known 
since 1849-50 *:— 

V ; . . ( 1 .) 

•’ Mr dendff C of heat which must be communicated to . a mass of matter in 

order to malee it *fiadergo:a: given series of changes of yoluine and elastic pressure, 
expressed in foot-pounds if energy , of which 772 are equivalent to one degree of Fahren¬ 
heit in one pound of water; aeprqved by Mr. Joule f. 

is absolute temperature, reckoned frqm the absolute zero which corresponds to total 
privatioaof heat. It has from the first been conjectured that the scale of absolute 
temp^abare coincides with that of a perfect-gas thermometer, the absolute zero being 


f\ Edinburgh, Transactions, yol. ax; and Po&aoBNDOBPi , ’s ‘Aamaleh,’ I860. 
X V r^/'f ThiJosepMcal Transactions, 1860. 
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the temperature corresponding to total absence of elastic pressure. On that supposition 
the specific heat of air under constant pressure was predicted in 1850 as being probably 
0*24 of that of water, or thereabouts*; and M. Regnault, in 1858, ascertained it by 
experiment to be 0 - 238. The long series of experiments by Messrs. Joule and Thom¬ 
son on the thermic effects of currents of elastic fluids f, have proved still more con¬ 
clusively that if the scale of absolute temperature and that of the perfect-gas thermo¬ 
meter differ, it must be by quantities so small that they have not yet been measured. 

The expansion of a perfect gas from 32° Fahr. to 212° Fahr. being in the ratio 
1:1-365, the absolute zero is 

ig=493*-2 Fahr. 


below the temperature of melting ice; or 

t in degrees of Fahr.=461°'2+T, 

T being the temperature on the ordinary Fahrenheit’s scale. 

ip is a function which re mains constant when the mass under consideration either per¬ 
forms work by expansion, or undergoes compression, without receiving or emitting heat. 
Its value is 

k. hyp. log £+j*J dv ;.(2.) 

where k is the real specific heat of the substance, expressed in foot-pounds of energy 
per degree of temperature; f is the elastic pressure of the mass per unit of area when 

J 

it occupies the volume v ; the differentiation is performed on the supposition of v 

being constant, and the integration on the supposition of t being constant. 

Another form of the function p, which is convenient in certain calculations, is as 
follows:— 

p= (£+^) hyp- lo g it dp, .. ( 3 -) 

where — is the constant value of the ratio ^ for the substance under consideration, in 
*o * 

the perfectly gaseous state $. 

The function p is sometimes called the Therrm-dynamdc fmction. 

One of its properties is as followsthat when the series of changes of pressure and 
volume to which the integration of equation 1 is applied constitute a cycle, so that the 
maas returns in the end to its primitive volume and pressure, then for a complete cyclq 

; . ;•.* : -i t )d$-l(p x -pjdt^ip, —p 2 )dv =J(®,: •-x >" * ( 4 0 


Lxs. 


reipressedittinata 


” L ' 



of the substance vtider eonaiahtjpregtttpe, ia tlte perfectly gaseous state. 
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in which t, and t a are the two values of t corresponding to one given value of <p, and the 
other similar symbols have analogous meanings. 

Equation 4, expressed in words, means— The heat which disappears during a cycle of 
operations is equal to the work performed. Another mode of expressing the principle of 


equation 4 is as follows:— 


dt. dp—dp.dr , 


(4 a.) 


The following is a summary of that graphic representation of the General Equation 
of Thermo-dynamics which was first demonstrated in the Philosophical Transactions for 


1854. 

In fig. 1, let OP, OY be rectangular axes of coordinates; and let ordinates measured 
parallel to OP and OY respectively represent pressures and volumes, so that areas 



represent quantities of energy. Let the coordinates of a line of any figure, such as AB, 
represent a series of changes of pressure and volume undergone by an elastic body. 
Let AMj BN be curves .traversing A and B, of the class called adiabatic curves, or 
curves of no transmission; that is, curves whose coordinates show the law of variation 
of the pressure and volume of the body when it neither receives nor emits heat. Those 
curves are indefinitely extended both ways, and OV is their asymptote. 

, Theniifta heat which the body receives during the change from A to B, is represented by 

the line AB and the curves AM and BN, indefinitely extended 

To show the connexion between this andthe algebraical expression of the same law 
in equation 1, let f be a function which is constant for a given adiabatic curve, and of 
such a nature, that dtfdpss^db ,. Bivido the area; MABN - into an indefinite number 
of indefinitely-narrow bands by a series of adiabatic curves. Let mahn be one of these. 
‘l^an(®».'V'Let, the difference of the values of the function p for the curves cm, bn, be dp ; 
let i be the absolute temperature corresponding to the element ah of the line AB; then— 
;:;v ■areafflAs^; area MABN z=i§tdp. ^ 
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Let T, T„ T g T s , and the dotted lines between them, be isothermal lines, each of which 
by its coordinates represents the relation between the pressure and volume of the body 
for a particular uniform temperature. Then the scale of Absolute Temperatures is such, 
that a series of isothermal lines, corresponding to a series of equal divisions upon that 
scale, divides the band between any pair of adiabatic curves into equal areas. 

A cycle of changes is represented by a closed figure, such as C; and the area of 
that figure represents the heat transformed into mechanical energy, or the mechanical 
energy transformed into heat, according as the cycle of changes takes place in the 
direction represented by the arrow, or in the contrary direction. That area is the quan¬ 
tity expressed by equation 4. 

The following are the results of applying the general equation of thermo-dynamics to 
fl uids which are in the act of changing from the liquid to the gaseous state, or nascent 

vapours. 

In fig. 2, let the line BC parallel to OV represent the increase of volume which a 



given fluid mass undergoes in changing from the liquid to the gaseous state under a 
pressure represented by the ordinate OB=p. Through B and C draw a pair of inde¬ 
finitely extended adiabatic curves, BL, CIM; then the area LBCM represents the latent 

heat of evaporation of the fluid mass under the pressure^. 

To find the algebraical expression for that latent heat, it is to be considered, that in 
applying to this case the formula H sftfe t is the absolute temperature oithe bmhng- 
jpoint corresponding to the pressure j), and is constant; so that , 

_ H =*(&-?>»); . ' v": ' , ' 

and + values of the thermodynamic functions % the curves CM and BL 

respectively? It. is ne*t to be coi^derfed, that feting of ^ua^ 

.^ion;2 wMch dei^^ on. i 'is^he;s^fle lt disappears from. 
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their difference, which consequently becomes simply 

and that because j t is constant during the evaporation, the value of the above integral 

j s V M. where v denotes the excess of the volume of the vapour above that of the liquid , 
dV J 

or the increase of volume in the act of evaporation; so that, finally, the latent heat of 
evaporation under the pressure^, in units of mechanical energy, is 

.W 

Now the relation between the pressure p and boiling-point t for water and various 
other fluids has been ascertained by the experiments of M. Kegnault, and expressed 
in tables and formulae; and for water, the relation between the boiling-point t and latent 
heat of evaporation H, has also been ascertained by M. Kegnault’s experiments in 
ordinary units of heat, which by the aid of “ Joule’s equivalent” can be reduced to 
units of energy; consequently the increase of volume of one pound of water in 
evaporating is given by the equation 


The volume of a given weight of liquid water at all ordinary pressures is so small, as 
compared with that of the same weight of steam, that for practical purposes v may 
without material error be considered as representing the volume of one pomd of steam. 

The latent heat of evaporation of one pound of water at the boiling-point t in foot¬ 
pounds of energy, is given with sufficient accuracy by the formulae 

U=a-bt, .(7.) 


where ' 0=1109550 foot-pounds, 

and b— 540*4 foot-pounds per degree of Fahrenheit. 


The pressure of saturated steam is given with great exactness, at all boiling-points at 
which, it has yet been measured, by the formula 

• .. . com. log^=A—|—^ .(8.) 

(first published xn the lBdinbuTgh Philosophical Journal, 1849). , The values of the con¬ 
stants A, B, 0, given as revised, in the Philosophical Magazine for December 1854, are 
as follows:— - 


For pounds on the square foot, A—8*2591. 

■ iF,or pounds on the square inch, A=6*1007. 

'in degrees of Fahrenheit, 

’• Vlog 3=8*43642; logC=5*59873. 
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In using equation 6 , the unit of volume and the unit of pressure to be employed 
depend on each other. The following are examples:— 

Unit of Pressure. Unit of Volume. 

Pound on the square foot. Cubic foot. 

Pound on the square inch. Prism one foot long by one inch square, 

or -3744 cubic foot. 

In either of the above cases, quantities of energy and of heat are expressed in foot¬ 
pounds. 

The latent heat of so much steam as occupies a unit of volume more in the gaseous 
state than it did in the liquid state is obviously 

4 = i > {^ + ^} hyP ‘ l0g10 . 

(hyp. log 10=2-3026 nearly). 

In every case of the working of steam which occurs in practice, the volume of the 
liquid water is so sm all a fraction of the volume of the steam, that it may be neglected 
without sensible error. When this is done, the indicator-diagram of a steam-engine 
working perfectly, and without transmission of heat to or from the steam in the cylinder, 
may be represented in the following manner. 

In fig. 2, let OB=pj represent the “ pressure of admission” at which the steam is 
admitted into the cylinder; t x the corresponding boiling-point:— 

BC ='« 1 the volume of one pound of steam when admitted:— 

OA=p a the final pressure of the steam in the cylinder at the end of the expansion; 
t a the corresponding boiling-point:— 

OF-p 3 the “ pressure of exhaustion” at which the steam is expelled from the cylin¬ 
der ; t a the corresponding boiling-point. 

Let ATT) and FJE be parallel to OV and BC. Draw the adiabatic curves CIM, BL, 
FR. Then Cl will be the curve of expansion of the steam, and AI=a s will represent 
the volume occupied by one pound at the end of the expansion. The work of one 
pound of steam on the piston will be represented by the area FABCLFF, consisting of 
the parts 

ABCIA=f%dp; and AIJF =s 2 (jp a —p s ). ; ... . (10.) 

•JPt 

The symbol a is used to denote the volume occupied by one pound of the mixture of 
steam and liquid water which the cylinder contains at any given time during expan¬ 
sion, s* being the final value of that volume. 

Let CDQ be a curve whose ordinates parallel to OV represent, the; volumes of one 
pound of dry saturated steam at the pressures represented by its ordinates parallel to 
OP, Then *'(*03 pound of. steam would occupy at the end 
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of the expansion, but for the partial liquefaction; and the proportion of the steam 

liquefied is _ 

ID .... (11.) 

AD” v* . 

The expenditure of heat per pound of steam (supposing the feed-water to be supplied 
to the boiler at the temperature of exhaustion, *,) is represented by the indefinitely-pro¬ 
longed area EFBCM, and consists of two parts,— 

The sensible heat RFBL-Jft-tfs), where J is the specific heat of liquid-water,j 
772 lb. per degree of Fahrenheit, and the latent heat LBCM=H (see eq. 7.)/ 

If the feed-water is supplied to the boiler, not at the temperature of exhaustion, t 3 , 
but at some lower temperature, t„ the latter temperature must be substituted for the 
former in the formulae. 

The application of these principles to steam-engines without jackets has been fully 
explained and exemplified in the paper already referred to in the Philosophical Trans¬ 
actions for 1854. 

Calculations respecting such engines in ordinary cases are facilitated by approximate 
formulae, founded on the fact that within the usual limits of pressure, viz. with jp,= 
from one to twelve atmospheres, the coordinates of the curve CM are related by the 


equation 

^QCs-T nearly*.(IB.) 

The expenditure of heat can be roughly computed to within about ^ of the truth, by 
the formula 

*>,(13^+4000)*.(14.) 


u, being in cubic feet andjp, in pounds on the square foot*. 


Theory of the Work, Heat, and Efficiency of Dry Saturated Steam. 

In the follow ing investigation it is assumed that the steam while expanding receives 
just enough of heat to prevent any part of it from condensing, without super-heating it. 
TKt« assumption is founded on the fact, that dry steam is a bad conductor of heat as 
compared with liquid water, or with cloudy steam, and that after cloudy steam has 
reefeiyedenough of heat to make it dry or nearly dry, it will probably receive little more. 
The as ^tmp tion ig justifiedby the feet, that its results are confirmed by experiment. 
The symbol e is used to denote the volume of one pound of steam in cubic feet , and 
the symbol jp todenotepressure wgomds on the square foot', so that pressure in pounds 

; on the square inch is denoted by / - - • 7 ., 

: as before, letCDG .be the curve whose coordinates represent the volumes 

aadpressiires of dry saturated steam. 

V i-t-v "" l', * Manual of Applied Mechanics, Art. 666. ■ - •- 
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Let OB=jp„ and BCs^,, represent the pressure and volume of admission, and t, the 
corresponding absolute temperature:— 

Let OA=p a , and AD=Uj, represent the pressure and volume at the end of the expan¬ 
sion, and t a the corresponding absolute temperature; then 




—r is the ratio of expansion, and 



the effective cut-off. 


Let AF=p s be the pressure of exhaustion, and t 3 the corresponding absolute tempe¬ 
rature ; 

Let # 4 be the absolute temperature of the feed-water; and 
Let 0Q==£>4 be the corresponding pressure. 

* 

The work of one pound of steam is represented by the area of the diagram ABCDEFA, 
consisting of 

the area ABCDA=I vdp, and 

the area ADEF =v 3 (p i —p 3 ); 

while the expenditure of heat per pound of steam is represented by the area contained 
between the line QFABCD, and the two indefinitely extended adiabatic curves, QS, DN, 
and may be distinguished into the following parts:— 

the sensible heat SQBL =J(£,—£ 4 )"j 

the latent heat of evaporation, LBCM=Hj; >.(16.) 

the latent heat of expansion =MCDN.J 



Thus it appears that the work of one pound of dry saturated steam exceeds that of 
one pound of steam which expands from the same initial pressure to the same final 
pressure without receiving heat, by an amount represented by the area JICDEJ, while 
the expenditure of heat is greater by the quantity represented by the area MCDN. 

To find the area ABCDA, which represents part of the work, the value of v corre¬ 
sponding to any value of p is to be taken from equation 6, and that of H, the correspond¬ 
ing latent heat of evaporation, from equation 7, giving 


a—it 



which, being multiplied by dt, and integrated between t x and t 3 , the initial and final 
tqmperti^fr® 8 the expanding steam, we. obtain for the area ABCQDA, 


mdccolix. 
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to which adding the rectangle ADEFA, the wore op one pound op steam is found 
to be 

W=f’ , 0dp+® 2 (j? 2 —.-i) 3 )=ahyp.log^—6(#,-4)+^ 2 — f 3 )\ • (l 8 -) 

in which 

<*=1109550 foot-pounds; 5=540-4 foot-pounds per degree of Fahrenheit. 
The Mean Effective Pressure, or work per unit of volume traversed by the piston, is 

w=W-r *> 2 .( 18a -) 

The heat expended per pound of steam, by a different mode of division from that 
given in the formulae 16, is computed as follows: 

Part of the sensible heat, SQAK=J(4~4) > 

Latent heat of evaporation at the temperature t a , KADN=H a =<*—-54 > 

Work performed between the temperatures 4 and 4 , ABCDA=J vdp as in equation 17. 

The addition of those quantities gives for the whole expenditure op heat per pound 
op steam in foot-pounds of energy, 

55 2 4 -j ,, W 2 ?=J( 4 -- 4 )+«(l+kyp. log^—#4 . . . (19.) 

(J=772 foot-pounds per degree of Fahrenheit). 

The heat expended per unit of space traversed by the piston is equivalent to a pressure 


whose intensity is , „ 

/M|-f-t? 2 .(19 a.) 

The efficiency of the steam is the ratio 

E=W-!=p.(20.) 


of the work performed by the steam on the piston to the heat expended on the steam; 
and that ratio having been determined, the available heat of a pound of fuel may be 
computed from the indicated work per pound of fuel, or vice versd , by means of the 
equation, 

,, , available heat _1^ /«.. v 

v . indicated work E - . ' ' ‘ ' *' 

use of equations 18, 18a, 19, 19a, 20, and 21, the usual data are,— 
the imfr^ ratio of expansion r, the pressure of exhaustion and the 

temperatore of the f^“TOfer ^. From#,, by the aid of equations 6, 7, 8, 9, or of 
tabled are fo he fouudaad ; % Thai;. ' 

';• ->' V: •. ' ' 

andc froin tJ*, by the aid of the same, equations, or of tables, are to be found 4 andp*, 
ana thus are complcted the data for the use of equations 18 and 19. 

X Let represent the pressure, and H0=« o the volume, of a pound of steam , at 
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some standard temperature, such as that of melting ice (4=32°-j-461 0 "2=493°-2 Fahr.); 
and let 

U=J P ®dp=ahyp. log^—.(22.) 

be the area contained between HG and another parallel ordinate of the curve CDG, 
corresponding to the absolute temperature t. 

Then by the aid of tables of the function U, the equations 18 and 19 can be put into 
the following form:— 

W=U,—U s +0 8 (i> 2 -jp s ); 1 (9R) 

it) =U 1 -U a +J(#* -t t )+a-M a J. 

Tables of the values of p, v, and U, for every ninth degree of Fahrenheit’s scale 
from 32° to 428° above the ordinary zero, have been calculated, and are now being 
printed *. As an example of the results contained in them, the following extract is given 
for every thirty-sixth degree from 104° to 392° Fahrenheit. * 


"Extract from Table. 


T. 

t . 

P- 

V. 

u. 

iol 

56£>-2 

152-6 

312-8 

112290 

140 

601*2 

414-3 

122-0 

161340 

176 

637-2 

987-6 

53-92 

206410 

212 

673-2 

2116-4 

26-36 

247950 

248 

709-2 

4152 

14-00 

286290 

284 

745-2 

7563 

7-973 

321780 

320 

781-2 

12940 

4-816 

354670 

356 

817-2 

20990 

3-057 

385200 

392 

853-2 

32520 

2-025 

413580 


For the purpose of interpolating intermediate numbers in such tables, the logarithms 
of p and v are more convenient than those numbers themselves* as their successive differ¬ 
ences are more nearly uniform. 


Approximate Formula!. 

As the formulae of the preceding section require in their use a considerable amount 
of calculation, and in some cases the solution of. transcendental equations by trial and 
error (unless special tables are at hand), it is desirable to have, for the purpose of 
solving ordinary practical problems, approximate formulae of a more simple kind.- 
Those which will now be explained were arrived at by a process of trial, based upon 
a table of the results of the exact formulae; and their agreement with the exact for¬ 
mulae, and with experiment, has been tested for initial pressures ran^ng from 30 to 
120 lbs; on the square incb, and for ratmah^ from /otw to sixteen. 

■ ,... i ',Tn'awofk>GnthC SJesp^EagEnmeMwers.” ^ . 
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They may therefore be applied with confidence to engines working within those limits, 
and probably somewhat above them ; but for pressures much exceeding 120 lbs. on the 
square inch, and ratios of expansion exceeding 16, it is advisable for the present to use 
the exact formulae. 

The foundation of the approximate formulae for work, and for mean effective pressure, 
is the fact, that for pressures not exceeding 120 lbs. on the square inch, or 17280 lbs. 
on the square foot, the equation of the curve CDG is veiy nearly 

p OC .(24.) 

This equation is very convenient in calculation, because the sixteenth root can be 
extracted, with great rapidity, to a degree of accuracy sufficient for practical purposes, 
by the aid of a table of squares alone; and by a little additional labour, without any 
tables whatsoever. 

Let r, as before, be the ratio of expansion; then evidently, 

Mnalpressure p*—Pi • r ~**..(25*) 

Gross work per lb. steam —area OBCDTO=W+jp 3 , u 2 =J' "vdp+p s v a ,) t ' . . . (26.) 

—p x v x {Vl—\^r~^)—p x %{Vtr~^— 16r~**) J 

Effective work per lb. stmm== area FBCDEF^WssJ v<Lp+(p t --p 3 )v\, _ _ < ( 27 ^ 

=Mi ) i(17r -1 —16r~i*)—pj J 

Mean gross pressure =^+jp s =jp 1 (17r"'—16r - -H-);.(28.) 

* W 

Mean effective pressure, or work per cubic foot, w=—=j) a (17r -1 —16r~+J)-- p 3 . . (29.) 

It is evident, that if the pressure of exhaustion p 3 be given, and any two out of the 
following three quantities,—the initial pressure p x , the mean effective pressure w, the 
ratio of expansion r ,—the fourth quantity can be calculated directly, if it is one or other 
of the pressures, p x , w, or by approximation, if it is the ratio of expansion r. 

The approximate formula for the expenditure of heat, in foot-pounds per pound of 
steam, which has been found by trial to agree very closely with the exact formula within 
the limits already specified, and when the feed-water is supplied at a temperature of 
&bm; to. 120° Fahr., is as follows: 

. . . (30.) 


s6 that the heat expended peri&Mc foot of spam traversed by the pistoni or, the pressure 
square foot of ^piston to which the^ expenditure of, heat is equivalent, is 

;: 'v : ; • • ■ ■ ■ (310 

_ -..W » 17^16r-A ip, ' ; 

JQ"** (ft* 2. l 1 


)HPi' 
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by means of which, when the work of one pound of coal is known, its available heat 
can be computed, and vice versd, as with the exact formula. 

Tables of the ratios given by the equations from 25 to 29 for various ratios of expansion 
have been computed, and are in course of being printed. The following are examples 


of the results contained in them: 

Expansion r. 

Effective cut-off l-*-r. 

Mean gross pressure initial 

20 

0*05 

pressure, {w+p 3 )-i-p v 
0186 

10 

0-10 

0-314 

6 f 

0*15 

0-417 

5 

0-20 

0-505 

4 

0-25 

0-582 


0-30 

0-648 

2 f 

0-35 

0-707 

2 * 

0-40 

0-756 

• H 

0-45 

0-800 

2 

0-50 

0-840 

1 * 

0-55 

0-874 

H 

0-60 

0-900 

It 3 ! 

0-65 

0-929 

If 

0-70 

0-945 

H • 

0-75 

0-960 

H 

0-80 

0-976 


Comparison of Theory with Experiment. 

In comp aring the results of formulae for the expansive working of steam with those 
of the indicator-diagrams of engines, it is not to be expected that the indicated pressures 
corresponding to particular volumes during, or at the end of, the expansion, will closely 
agree with those given by calculation ; because considerable deviations of the line 
marked on the diagram, alternately upwards and downwards, arise from the friction of 
the indicator, from elastic vibration of the indicator-spring, and from oscillations of the 
steam itself. In the course of a. complete stroke, however, those deviations neutralize 
each other, so that the indicated mem effective pressure, if the theory is sound, ought 
to agree with that given by theory within the limit of errors of observation. 

About half a pound on the square inch, or 72 lbs. on the square foot, may be con¬ 
sidered as an ordinary limit of error in indicator-diagrams. * 

Two examples of the application of the exact formulae, and four, of the application of 
the appr oximate formulae, to actual engines, axe annexed; and the results of the formulae 
are compared .with those of experiment. 
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Example I.—Paddle-steamer of 820 tons displacement, with a pair of double-cylinder 
engines of 744 indicated horse-power. 

Bottom of cylinders. Top of cylinders. 

Data ;— lb. per square inch. 

J9.-S-144 83-7 34-3 

j> 3 4-144 4-0 4-0 


4i 


T 4 =£ 4 —461*2=about 104 °Fahe. 




Results by exact formula:— 

Vt—rVi 

jj s '-r-144 

w 

W 


Bottom of cylinders. 

50-375 

7-367 

109552 


144i>, 


~w -5-144 15-1 


Top of cylinders. 

74-4 

4-867 

117338 


10-95 


Mean 


13-03 


Observed mean effective pressure, lb. on the inch . . . 13-10 

Difference . . . —- 0-07 

906989 




144t?o 


:A*144 


Mean 


E=I 


925678 
125 86*4 

. . 105-7 
0-121 0-127 


Mean efficiency =^—-^=0-123. 


Data :— 

s '> 1 r> 

Results:- 


Example I., calculated by approximate formula. 

lb. per inch. 

Mean . . . ^,-r-144 
Mean . . . ^) g -rl44 
l 
r 


Mean . '. 

V.j Y' vr *.*- 1 -' li*,' 


34 

4 

0-2 


w^l^i-^culated - . . 

Observed. 

.• /Difference’ . . . 

Wl44 .. .. ’ ■ - * 


lb. per inch. 

13-17 

13-10 


+ 0-07 


105-4 
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Example II.—Screw-steamer of about 700 tons displacement (?), with engine 
indicated horse-power. 

Bottom of cylinders. Top of cylinders. 

DATA :•— lb. on the square inch. 


j»,+144 

108A 

104 

j>,-*-144 

3-8 

4-0 

r 

16 

14 

T 4 =£ 4 —461-2= 

: 122° Fahr. nearly. 


;t formula:— 

Bottom of cylinders. 

Top of cylinders. 

v 2 =rv x 

64-27 

58-52 

l> t *144 

6-6 

6-3 

W 

191437 

182108 

W __ w 

20-7 

21-6 

HJ 

i 

Y-* 

! 


Mean .... 

. 21-15 

. effective pressure, lb. on the inch . 

. 21-0 


Difference . . 

.+ 0-15 

H) 

975301 

966524 

^ -A-s-144 

105 

115 

144v 0 


Mean .... 

. 110 

W 

II 

S 

+ 

0-196 

0-188 


mean w 

Mean efficiency= l ^ 


0-192 


Example II., calculated by approximate formula. 


DATA:— lb. per inch. 

Mean . . . j?i-rl44 106£ 

Mean . . . jp s -rl44 3-85 

Mean . . . - 0-067 

Results :— lb. per inch. 

w-j-144, Calculated.21-05 

Observed. 21-00 

Difference. + 0*05 

A 4-144 JHJ 

• E • . ■ t ; ' , \ 0:192 V 


of 226 
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Example III.—Paddle-steamer of 1100 tons displacement, with a pair of engines of 
1176 indicated horse-power. 

In this and the following example, some of the data were not obtained with sufficient 
precision to make it worth while to use the exact formulae; and therefore the approxi¬ 
mate formulae alone are employed. 


Data:— 


Results :— 


Mean . . . p,-5-144 

Mean . . • j> s -5-144 

Mean . . . p 

w-5-144, Calculated . 

Observed . '. 
Difference 

h -5-144 
E 


lb. per inch. 

38 

0-15 

lb. per inch. 

. 12-35 
. 12-2 
.+ 0-15 
88-3" 
0-14 


Example IV.—The same steamer as in Example III., with only one of her two boilers 
at work; indicated horse-power, 568. 


Data:— 

Mean . 

. . **144 

lb. per inch. 

32 


Mean . 

. . -5-144 

3 


Mean . 

l 

* ’ r 

0-1 

Results :— 

w -4-144, 

Calculated . . 

lb. per inch. 

. . 7-05 



Observed... 

. . 7-0 



Difference . . 

. .+ 0-05 


49-6 

0-142 



h ~ 144 
E 
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XL On the Double Tangents of a Plane Curve . By A. Cayley, Esq., F.B.S. 

[Received March. 17,—Read April 14,1859. 

It was first shown by PlUcker on geometrical principles, that the number of the double 
tangents of a plane curve of the order m was |m(m—2)(m*—9): see the note, “ Solution 
d’une question fondamentale concemant la theorie gen^rale des Courbes,” Grette, t. xii. 
pp. 105-108 (1834), and the “ Theorie der algebraischen Curven” (1839). The memoir 
by TTwshBj “ Ueber die Wendepuncte der Curven dritter Ordnung,” Crelle, t. xxviii. 
pp. 97-107 (1844), contains the analytical solution of the allied easier problem of the 
deter mina tion of the points of inflexion of a plane curve. In the memoir, “ Eecherches 
sur l’elimination et sur la theorie des Courbes,” Crelle, t. xxxiv. pp. 30-45 (1847), I 
showed how the problem of double tangents admitted of an analytical solution, viz. if 
U =0 is the equation of the curve, L, M, N the first derived functions of U, and 
D= a (Mb,-Nb,)+/3(Nb y -LB,)+y(Ld s -MB,) 

(where a, (3, y are arbitrary), then the points of contact of the double tangents are 
given as the intersections of the curve U=0, with a curve the equation whereof is in 
the first instance obtained • under the form [Y]=0; [Y] being a given function of 
I^U, D 8 U, ..D”*U of the degree m 2 —w —6 in respect of («, (3, y), the degree 

m 3 —2m s —10m~{-12 

in respect of (x, y,z), and the degree 12 in respect of the coefficients of U. It 

was necessary, in order that the points of intersection should be independent of the 
arbitrary quantities (a, j3, y) that we should have identically 

[Y]=A.U+N.HU, 

N being of the degree wi 2 — m —6 in (a, (3, y), and consequently HU a function of (#, y, z ) 
without (a, (3, y). Guided by Hesse’s investigation for the points of inflexion, I asserted 
that it was probable that N was of the form (<a+l3y+yz)**- n -' s ; which being so, IIU 
would be of the degree (m—2)(m s -9) in respect of (x, y, z), and the degree m*+m— 12 
in respect of the coefficients, and I was thus.led to the theorem, “On trouve les points 
de c o nta c t des tangentes doubles en combinant avec l’equation de la courbe une Equation 
nu=0, de l’ordre (m— 2 )(m s —9) par rapport aux variables et de l’ordre 12 

par rapport aux coefficients—c’est dire, puisqu’il corresponde deux points, de contact 
&,nne tangente double, le nombre de ces tangentes est egal 4 \rn{m~%yjtf— 9): thdo- 
rbme demontrd indirectement par M. PlAcesk.” . .. 

• in. the memoir •“ Ueber .Curven dritter Ordnung* tkc.fOrelle, t. xxxvi. pp. 143- 

176 (18481), showed hoyr the components D*U,•* ^ could each of them 

MDoecLix* V; -a Si"'' ' - 
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be expressed in a simplified form, and he thus effected the actual reduction of [Y] to 
the form A. TJ-\-(ctx-\-fiy+ y 2 ) 4 (m- 3 ) B, where R still contained the arbitrary quantities 
(a, (3, y) in the degree (m—2)(m—S). In particular for a quartic curve, the equation 


R=0 was shown to be 


8QA-Qi=0, 


where the left-hand side is of the degree 2 in (a, /3, y) and the degree 16 in (x, y, z); 
and which should therefore by means of the equation U =0 be reducible so as to contain 


the factor (ax+py+yzf. 

Jacobi’s paper, “ Beweiss des Satzes, dass eine Curve n -ten Grades im allgemeinen 
%n(n— 2)(% 9 —9) Doppeltangenten hat,” Crelle, t. xl. pp. 237-260 (1860), did not, I 
materially advance the solution of the question. In a letter to Jacobi, dated the 
30th December, 1849, published at the conclusion of the last-mentioned paper, Hesse 
gave the equation of the curve of the 14th order for the points of contact of the double 
tang ents of a quartic, viz. in my notation, 


(SS, c, 4f, 6, H, B„H, d,H) s ~H(a, 35, C, JF, <®, B„ B,)*H=0, 

and the demonstration is given in Hesse’s paper, “Ueber die ganzen homogenen 
Functionen von der dritten und vierten Ordnung zwischen drei Variabeln,” Crelle, t. xli. 
pp. 286-292 (1861), and is reproduced in Mr. Salmon’s Treatise on the Higher Plane 
Curves (1852). Two very interesting memoirs by Hesse and Steiner, Crelle, t. xlix. 
(1855), relate to the geometrical theory of the double tangents of a quartic, and it is not 
necessary to refer to them more particularly. It is to be observed that the curve 
which determines the points of contact of the double tangents is not absolutely deter¬ 
minate ; for we may, it is clear, in the place of nU==0, write IIU-f-M.TJ=0, where M is 
an arbitrary function of the proper degree: a very elegant transformation in the case of 
the quartic is given m Hesse’s paper, “ Transformation der Gleichung der Curvenl4ten 
Grades, welche eine gegebene Curve 4ten Grades in den Beruhrungspuncten lhrer 
Doppeltangenten schneiden,” Crelle, t. lii. pp. 97-103 (1856), 

Mr. Salm on’s work above referred to, contains the fundamental theorem of the tarn- 
genMal of a cubic, viz. a tangent to a cubic meets the cubic in a third point which lies 
6 ® the second or line polar of the point of contact with respect to the Hessian. In my 
.Curves of the Third Order*,” I gave an identical equation relating to the 
not there exhibited in its proper form; this was after- 
wai^ e^eted:^by'Mr. Saigon,; in the paper “ On Curves of the ThirdOrderf.” The 
equation, as given by'Mr. Salmon, is in the notation of the present memoir, 

. an equation which in fact puts in evidence the last-mentioned theorem for the tangential 
of a, cubic. 


5 ■' *; . * Philosophical Transactions, vol. cxlvii..(18§7), pp. 415-446, art. No; 87. 

, ■''y'' ' ‘ ’ f Xbi<3. rol. cxLviii, (1858), pp, 585-641. 
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The idea occurred to me of considering, in the case of the higher plane curves, the 
tangmtials of a given point of the curve, viz. the points in which the tangent again meets 
the curve; for by expressing that two of these tangentials were coincident, we should 
have the condition that the given point is the point of contact of a double tangent But 
I was not able to complete the solution. 

Finally, Mr. Salmon discovered the equation of a curve of the order hi—2, which by 
its intersections with the tangent at the given point determines the tangentials, and by 
expressing that the curve in question is touched by the tangent, he was led to a com¬ 
plete solution of the Double-tangent problem. Mr. Salmon’s result is given in the 
note, “ On the Double Tangents to Plane Curves,” in the Philosophical Magazine for 
October 1858. The discovery just referred to led me to the investigations of the present 
memoir, in which it will be seen that I obtain, for a curve of any order whatever, the 
identical equation corresponding to the before-mentioned equation obtained by Mr. 
Salmon in the case of a cubic; which identical equation puts in evidence the theorem 
as to the tang entials of the curve, and may thus be considered as containing in itself the 
solution of the Double-tangent problem: the identical equation is besides interesting for 
its own sake, as a part of the theory of ternary quantics. 

1 . Mr. Salmon’s solution of the problem of double tangents is based upon the follow¬ 
ing analy tical determination of the tangentials of any point of the curve. 

Let 

T=(*XX, Y, Z)»=0 

be the equation of the given curve, (X, Y, Z) being current coordinates; and let (x, y, z ) 
be the coordinates of a point on the curve, so that we have 

u=(*3>, «)"=0, 

a condition satisfied by the coordinates of the point in question. 

Then the tangent 

V=(X^+Yd,+Z3 e )U=0 

at the point (x, y, z), meets the curve besides in (n—2) points, which are the tangentials 
of the given point (x, y, z ), and which are determined as the intersections oftije tangent 
V=0 with a certain curve, 

n=(fX#, y, »)-■=o. 

2. To express the equation of this curve, let U„ TT S ,.. be the successive emanants of 
U, taken with the facients of emanation (%„ y 4 , z ; ), viz. 

U *=;^T) 

where it should be -noticed that the numerical determination is such, that putting 
(x, y , *) fbr ,(a^ then TJ„ ■., become respectively -equal to XJ. Suppose also 

■ ’’-'ll--' * * "TV -s;' S' # V •'; *. ,v » • • • 
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that H, H„ H a ,... are the Hessians of U, TJ„ U„ ..., viz. H is the determinant formed 
with the second derived functions of U with respect to (x,y, z), H, the like determinant 
with the second derived functions of U, with respect to the same quantities (x, y, z) ; 
and so on. Moreover let D n-2 H, =(Xd J ,H-YB 3 ,+ZB 4 ,) B-8 H, denote the (n— 2)thic 
emanant of H with respect to the current coordinates (X, Y, Z) as facients of emanation; 
and similarly let D*- 2 H n D B " S H 3 , ... denote the («-2)thic emanants of H n H s , ... 
in respect to the same facients of emanation—it being understood that in all these 
functions, (x,, y„ z,) are after the differentiations to be replaced by (x, y, z). It is to 
be observed that TJ r is of the degree (n-r) in (. x, y, z), and consequently H r of the 
degree 3(w—2— r); hence D B_2 H r is of the degree 3(»—2— r)—(n— 2), =2(»—2)—3r, 
which implies that r>f(w—2), for otherwise would be identically equal to zero. 

Upon replacing (x t , y„ z,) by (x, y, z), D"- s H r (r satisfying the above condition) becomes of 
the degree 2(n—2) in (x, y, z), and it is obviously of the degree 3 in the coefficients of 
U, and of the degree (n—2) in the current coordinates (X, Y, Z). 

3. This being premised, we have 

0=(tXX,Y,Z)-» 

=D n-2 H—D B_2 H l +&c.=0 

for the equation of the curve of the order (n—2), which by its intersection with the 
tangent gives the tangentials of the given point; the numerical coefficients are the 
binomial coefficients of the order (n—1 ) taken with the signs + and — alternately, and 
the series is continued as long as the terms do not vanish, that is, if as before r denote 
the suffix of H, for so long as r>f (»—2); but of course the value will not be altered 
by contin uing the series to r—n—1. In particular, for the quartic we have 

n=D 2 H-3D 2 H 15 

for the quintic 

n=D 3 H~4D 3 H 1 +6D 3 H a , 

and so on. The function CL, like the several component terms, is of course of the degree 
3 in the coefficients of U, and of the degree 2(n—2) in (x, y, z). 

4. It is to be remarked that the formula applies to a cubic; we have here simply 
a»I>H, which agrees with a result already mentioned. It may be noticed also that in 

ffift -formula gives at once the condition for the points of inflexion; in 
a .point of inflexion, then one of the tangentials must coin¬ 
cide with this, pointj or the, equation Cl ,=0 will be satisfied by writing therein (x, y, z) 
for (X, Y, Z); but when this is done D n - 2 H, D"- 2 H 1 &c. reduce themselves (to numerical 
' factors jpr^s) to H, and the equation becomes simply H=0, which is the well-known 
condition for the points of inflexion. 

, fl. . Iftwo of the tangentials coincide, or what is the same thing, if the tangent V=0 
touches the curve fl=0, then the point (x, y, z) will be the point of contact of a double 
't-ft.'ngfihii'.v'Ihe equation which expresses the Condition in question, treating, therein 
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(x, y, z) as current coordinates, is consequently that of a curve, intersecting the given 
curve (now represented by U=0) in the points of contact of the double tangents. The 
process leads to a determinate form IIU=0, of the curve in question, but of course 
any curve whatever, nU+M.U=0, will intersect the curve U=0 in the points of con¬ 
tact of the double tangents. 

6 . I write for the moment 

a=(A,...xx,Y,z)»- 3 =o, 

V=|X+>?Y-KZ =0, 

for the two equations; the coefficients (A,...), as already mentioned, are of the degree 
2(%—2) in (x, y, z) and of the degree 3 in the coefficients of U; or as we may express it, 

A ,...=(a,..y(x,y,zf"-*\ 

In like manner §, y, t are of the degree {n—l) in (x, y, z), and the degree 1 in the coeffi¬ 
cients of U, or we may write 

g,*,S=(a,..) , (#,y,z) n - 1 . 

7. The equation which expresses that the line V=0 touches the curve 0=0, is 
FO=0, where the facients of the Keciprocant FO are the coefficients (§, n, l) of the 
linear function. This equation is of the form 

(A, ..) 2(B_S) (I» 37, ; 

or attending to the forms of (A,...) and (f, y, 2), it is of the form 

{a ) 8 C»- 3 > + < B - 2 X n - 3 >(#, y, z ^(»-2K»-3)+(«-iKtt-sK»-3)—0 5 

or what is the same thing, the form 

(a ,. .y n+i)(n ~ s) (x, y, z f-^ s -9)=0, 

viz. the curve through the points of contact of the double tangents is a curve of the 
order (n—2)(n*—9 ), and its equation contains the coefficients of the equation U=0 of 
the given curve in the degree 3). And since each double tangent corresponds 

to two points of contact, the number of double tangents, is ^n(n—2)(n t —9). This agrees 
with the before-mentioned results. 

8. The whole problem is thus reduced to the demonstration of Mr. Salmon’s expres¬ 
sion for the curve 0=0. To fix the ideas, consider the case of a quartic curve 
T=(*XX, Y, Z) 4 =0, and let the function U=(#X^ 9* *) 4 ( or as for shortness we may 
write it, U=(ar, y, z) 4 ) and certain of its emanants be represented as follows, viz.— 

a =(r,y,z) 4 ' , 

6 =(x,y,zy>(X,Y, Z), . 

■ 0 =( W ) 3 (X,Y,Z)*, ; , 

. ' ; ;;v . / Y,Z)*, 
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d=(x ,y,z)* . . (X',Y',Z'), 

5'=( W )’(X,Y, Z)(X',Y',Z'), 
c-=( W )(X,Y,ZKX',Y',Z'), 
d'= . . (X,Y,Z) 3 (X',Y',Z'), 

a"=0w) 3 • • (X',Y',Z') 2 , 

' 5"=(r, y, 2 ) (X, Y, Z) (X', Y', Z') 2 , 

0 " = . . (X, Y, Z) 2 (X', Y', Z') 2 , 

where (X', Y', Z') are new arbitrary facients; but, as before, (X, Y, Z) are taken to be 
current coordinates, and (x, y, z ) the coordinates of the given point on the curve: 

e=0 is the equation of the curve; 

d— 0, the equation of the first or cubic polar of the point (x,y,z); 
b =0, the equation of the last or line polar of the point (x, y, z), or what is the same 
thing (the point being on the curve), the tangent of the curve at this point; 
a=0, the condition which expresses that the point is on the curve. 

9. Imagine now an identical equation, 

I<z+IIHnid+IVe=0; 

then, since a=0, we have 

m+nid+rv0=o; 

and if in this equation we write 5=0, e=0, it becomes IIM=0, that is, the points of 
intersection of the curve 0=0 and the tangent £=0 lie on one or other of the curves 
<Z=0, 111=0. But the points in question do not lie on the curve d= 0, consequently 
they lie on the curve 111=0. 

10. To explain the law of formation of the multipliers I, II, III, IV, I form the 
matrix 

( a, by 0 , d 1 d , d ) j 

b, 0 , d, 0 ; V , o', d' 

I o', V, 0 ', d'; a", l\ c" 

and then we have 

d , 0 , V “f” d , b , d 

e, d, d 0 , c, d' 

[■ U, b\ d 1 ' 

Ii=- ■ & "~''d t b r — d , a, d 

0 , dy b‘ 0 , 0 , d, 0-, b , dl 

d!i d, <f', $', .5" ! <?, d, d ' 

III— * ■ d y ^) d ■“ a , 0 , ^ ^ 0e , d , 0 / 

i, 0 , o' -5, 0 , S' 

V, 0 " U, o', d, d', d\ 
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IV = a, b, b 1 + «? c, a! 

b, c, d b, d, V 

a!, b', b" a', d, a" 

values which, as I proceed to show, satisfy the identical equation 

I«+IK+HId+IVe=0. 

11. We have in fact 

1= d(db"-d* +cd'-Vd') 

+e {Vd -Wc+b'd-bd 1 ) 

+d'(cd -db’+bd'-cd ), 

where the last line is 

bd'*—db'd'; 


11= d(b'd-a"d+b'd-b"c+a'd'-bd') 

-\-e ( ca"—a'd+bd'—b' 3 -j -ad' —aid) 
■\*dJ{a!d—b'c 4 -b’c—bd+bd —ad 1 ), 

where the last line is 

da’d'—ad' 3 ; 

ni= ai-b'd'+cd'+d* -b"d+b'd'^ea") 

+b ( bd 1 -b'd+V'c-b'd+a"d-a'd') 
+a'( cd —bd'+b'd—cd+a'e —b'd), 

where the last line is 

—ba'd'+ea ! 3 ; 

and 

IV= a(b”c-b , d+da"-b l d) 

* +£ -W'+dd —a"c) 

-\-a!(bd —Ac -\-cb' ““ old ), 

where the last line is 

bd!d-d!\ 


And these values may be expressed as follows:— 

1= a( 0 ) 

+&( d» ) (!2) 

+d( V'd+d’c-Vd'-dd-d'h') (13) 

+e(-b”c-d ! b+b’d+db' ), (14) 


H= a(-d!* ) ( 21 ) 

‘ +»(0 • . * 
4:d(^a ,/ d^b ,, o^d'b^a r d'+bW^db , +dW) ■ (23) 

, . 4*( TJPrfjjt )’ ( 24 ) 
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IH= a(-b''d—d'd+b'd'+c'd+d'V ) (31) 

_|_5( d'd+V'c+d'h—dd'—b'd—db'—did ) (32) 

+d( 0 ) 

+e(—a"a+a'a! )’ (^ 

IV= a{ V'c+d'b-Vd-dV ) ( 41 ) 

+ l(-a"c-b"b-d l a+a'd+b l b'+da' ) ( 42 ) 

+d( a/'a—a'a! ) 

+e( 0 )’ 


which are of the form 


Isa 0 +J(12)+d(13)+<14), 
n=a(21)+« 0 -M(23)+<24), 

HI=a(31)+5(32)-M 0 +«(34), 
IV=a(41)+J(42)+d(48)+« 0 , 


where (12)=—(21) &c., and which therefore satisfy the equation 

Id+HJ+IIM+IVassO. 


12. The equation of the curve which by its intersection with the 
tangentials, is 


111= - 


.a, 6, o' 

— 

a, o, S' 

- 

a, d, a' 

5, c , d' 


b, d, d 


b , o, J' 

a', y, c" 


a', o', b" 


a', dP, a" 


tangent gives the 

= 0 , 


the degrees of which are 

in the coefficients of TJ, 3, 
iin (* > ?» * ) • • • 6, 
in (X, Y, Z) . . . 4, 
in(X', Y', Z') ... 2; 

and it only remains to divest this equation of a factor which it contains, 

• . i 1 - : , - I & » Jf s * I *s 


’ 1 f i 1 1 H . 1 ' ; , r ' <* - .■ 1 - v 

which being thro wn out, 
degrees 


X, Y, Z 
X, Y', Z r 

he equation will be independent of (X, Y', Z') and of the 

. inthe co^ffidehts of XJ, 5, C 
in (o;,y , z) , ; ;. • . 4, 


■;,v;. . ■ in(X, Y, Z) . . . . 2, 

and will hi fact be the before-mentioned equation O=D a H-r3D a H 1 =0. 
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18. Write for shortness, 

“A, 


X , 

y > 

z 

X,'; 

Y, 

Z 

X', 

Y', 

Z' 


it is to be shown that 

111= -1A 2 (D 2 H-3D 2 H,). 

14. To effect this I remark that we have identically 

a, b , d | =A a H; 

b , c , b' 
d, b\ d' 

and I proceed to operate upon this equation with D=XS r -}-Yd 3 ,4-Zd e . 

I notice that 

a, b, c, d,e; d, V , d, d!; a", b", c" 

are in regard to (x, y, z) of the degrees 

4 , 3 , 2 , 1 , 0 ; 3 , 2 , 1 , 0 ; 2 , 1 , 0 ; 

or what is the same thing, since for the case in hand n= 4, of the degrees 
n, n— 1,... ; n— 1, n— 2, ..; n— 2, n— 3, , 

and we have 

T)a=nb, m=(n-l)c,.. Bd=(n~l)b\ Bb'=(n~2)d, .. Bd'—{n-2)b \.. 


15. In the determinant 


a, b , a' 

b, c , V 
d, b', a" 


, = A 2 H, 


the degrees of the terms (other than each top term, the degree of which is higher by 
unity) in the several columns are n—1, % —2, n —2; if then we operate on the detei** 
minant with D, and as regards the top terms we write 

Do! 35 b -j-(fi-“ , l)J , 

J)b—c+(n-~2)c, 

Bd=:b , +(n-2)d ) 


we have in the first place a term 

b, o, b' 
b, c, V 
d, V, d' 


which vanishes,' and next the terms 


(n+i) 

b, b,_ d 

+(»—2) 

a, c, d 

j^(n-*-2) 

• b, V 


c, c\ b 1 

, ?, 

b, d, V 

j* i. 1 

■by C, d 


' ^ 

„ , - i', r , J ,/ 

:;d^/dsVd!j. 


d, y, y 

MPCGCtii. \f} 




, ' v "; 
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the tot of which vatohec. On the right-hand ride DA=0 identically, and therefore 
D. A a H=A a DH, or we have 

(n— 2)1 " * "■ l -*-f«--21l a. b . b' |=A a DH. 


a, c, a! 

+(»- 2 ) 

a, by y 

b, d, y 


b, c, d 

a', d, a! 1 


d, Vy V ' 


16. I repeat the operation D: we have 

(»-2X»-l)| 


-)-(ra— 2)(n— 3) 


+(n—2)(n—2) 


or collecting the different terms, 

(w-2)(m- 3)«, 5, c'|+2(»—2)*| 
b,c,d! 


5, 

d 

d 

+(w—2)(w—1) 

b, 


y 


c. 

d, 

y 


c, 

c, 

d 


y, 

d, 



y, 

y, 

w 


a, 

d, 


-j-(w— 2)(n— 2) 

a, 


V 


b, 

o, 




d, 

d 

> 

d, 

d\ 

a" 


y, 

d, 

V 


a, 

c , 

y 

+(w— 2)(n—3) 

a, 

b. 

d 


b, 

dy 

y 



c, 

d! 


d, 

d, 

y' 


a', 

y, 

d> 



J>=A a D a H; 


d , y, c" 


a , c, y 

b, d,d 
d, <y, J" 


|+(n-2)(»-8)j 


a, (2,«' 

5, e, y 
a', «r, «"| 


|+(»—2)(»—1)A, <\ «' 

c, y 


|/y, //, «" 

17. A little consideration will show that in this equation we may write n— 1 for u, 
and H, for H. In fact, putting for a moment we have corresponding 

to the equation 

• a, b, a' |=A S H, 

b, <?, y 

y, a" 


this other equation, 


=sA a H„ 


Ba, B5, Id 

.w, w. 

„ ... , ,, : y y '% M.. . 

where ultimately (&„ z ( ) are to be replaced by (dr, y, z). "We may operate upon this 

equation with D, B*,... as before, the only difference being that in the first instance 
Bias, &V&c. are as regards (ar, y, z) of degrees lower by unity than a, b, &c., that is «—l 
mustbe substituted throughout in the place of n\ and when at the end of the process 
Zj) are replaced by (%,y, z), then la, B5, &c. become equal to a, b, &c., from which 
flip trtitfi flf jkhft^ asserted nronnsitinn. is manifest. 


A a D a H 
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18. Hence writing n= 4, we have 
2 a , b, d a , d, d 

b, c, d 1 b, e, V 

a!, V, c" a', d', a' 1 


a, 

d. 

a! 

+2 

a, 

d. 

a! 

+6 

b, 

c, 

d 

b, 

e , 

V 


b , 

e. 

V 


c, 

d. 

V 

d, 

d', 

a'' 


d, 

d', 

a" 


b\ 

d. 

a" 

a, 

d, 

a' 




+2 

b, 

c. 

d 

b, 

,e , 

b' 





c, 

d. 

V 

a, 

d', 

a" 





b'. 

d. 

a" 


and hence 

2<l 


a. 

b , 

d 

+ 

a , 

c , 

V 

+ 

a, 

d, 

a' ] 

b. 

c , 

d! 


b , 

d. 

d m 


b, 

e, 

V J 

a 1 . 

b\ 

d' 


a', 

d, 

b" 


a 1 , 

d', 

d' 


: A 2 (D 2 H—3D a H,), 


which is the required equation, 

111= —|A S (D 2 H—3D 2 Hj). 

19. It is to be added, that the equation for A 2 DH gives IV=£A 2 DH; the values of 
II and I are at once obtained from those of III and IV by interchanging (#, y, z) and 
(X, Y, Z). Hence if we represent by % 30, &c. the values which H, D, &c. assume by 
this interchange, we may write 

i=-!A 2 m 

II=+iA 2 (M-33B%)> 

III=-iA 2 (D 2 H-3D s H 1 ), 

IV=+iA 2 DH; 


and the identical equation, 
gives therefore 


Iffl+II6+nid+IVe=0, 


-©i|. U+idBU-SJB^ODU-^H- 3D ! Hi)29T+IXH. r=0, 
which is of itself sufficient to put in evidence the property that the curve D*H— 3D 2 H,=0 
gives by its intersections with the tangent DU=0, the tangentials of the point (x, y, z). 
The last-mentioned equation is the equation for a quartic corresponding to Mr. Salmon’s 
equation 

U+iJB® .DU-iDH. 2BT+H.T=0 

for the cubic Us=0. 5 

20. It is worth while to give the investigation of the equation for the cubic; the 
matrix is .. : 

(a, b , o; d, V ) 

b , .c, d; : 
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and the identical equation is 

Ia+IB+IIIc+IW=0, 

where 

1 = c, b, V , 

d, c , d 

d, b', b" 

II =- c, b, a' - c, a, V , 

d, c, V d , b, d 

d, V, a " d, a ', b" 

III=- a, b, V - «, c, a 1 , 

b, c, d b , d , b 1 

a', V , b" a!, d, a" 

IV= a, b, a! , 

5, c, 5' 

a', y, «" 

or, as we may express them, 


1 = ft( 0 ) 


+&( d* ) 


(12) 

+c{V'e~-Vd--dV) 


(13) 

+d(-Vb+b'V ) 


(H) 

11= ft( -c' 2 

) 

(21) 

+«( o 

) 

* 

+c (_ ffl '' c _J''J+ a V+&'&'+6‘'ft') 

(23) 

+d( a"b+V'a-a'b'-Va' 

) 

(24) 

111= ft(-&"e+JV+<W 

) 

(31) 


+ b( d'c+Wb-a’d-VV-da!) (32) 

\ H“C( 0 • ) 

; ' fd(-ftft" +< . . ) (34) 

; 'lV= ; ■ ) (41) - 

,,) (42) 

HhK ^ ' ~*'d!of • ) (43) 

' "4"<?(‘ 0 ) 

which yerify the identical equation. We have 111=—A 9 DH, IV=A*H, and thence 
II= + A^3l, I= --A ! ^, and thence the equation in question, 
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21. One other exam ple will be sufficient to render manifest the law of the formation 
of the multipliers I, II, III, IV. 

In the case of a sextic curve we have the matrix 


a, 

c d 9 

e, /; 



d. 

<?, 



/> 

5', 

o', 

d\ 

d , 

a', b'. 

d', 



b\ 

o", 

d", 


o. 

f 

d' 


the identical equation is 

i«+ro+m/+rv>=0; 

and the expressions for the multipliers I, II, HI, IV are— 

1 = /, e, V + /, d, d + /j c i d + /, b, d , 

g, f, d g, e, d' g, d, e g, c, f 

/, d, b" f, d!, d' /, d, d" f, b', d' 

11 = - /, d - f, d, b' - f, c, d - /, b, d! - /, a, d , 

g, f, V g, e, d g, d, d 1 g, e, d g, b , f 

/', d, d' f , d', b" f, d, d" f, b\ d" f, d, d' 

111 =— a, b, d — «, c, d ! — a, d, d — a, d, b' — a, f, d t 

5 , c , f b, d, d b, e, d' b, f, d b, g , b' 

d, b', d' d, d, d' d, d\ d' d, d\ V' d, f, a" 

IV= a, 5, d 1 + a, c, d — a, d, V — a, e, d . 

b, c , d b , d, dl b , e , d b , f , b 

d, b\ d" d, d 1 , d' d, d', b" d , d, d' 


22. We have in feet 


1 = a 0 


+K- 

■gd' 

+ff 

) 

(12) 

+/( 

b"f+d'e+d"d+d'c 

% 

> 

1 

\ 

~*a 

1 

1 

) 

(13) 

+s(- 

-b"e—d'd—d''c 

M \*dd f ^dld 

) 

(14) 

a{ 

d'g 

-ff 

)> 

(21) 


+b 0 

+f(-df-b"e-d'd-d"e-d , b+df+b'd+dd l +d l d+db , +fd) , (23) 
+g( d'e+b ll d-\-d l c+d"b — dd—b'd’—dd—d'b 1 —dd ) . (24) 

111 = a( — b'f— d'e—d"d—d'e +b'f+dd+d'd’+dd+fb' X (31) 

-H( . ( 32 ) 




), ( 84 ) 
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IV=a( b"e+c"d+d"c -b'd-dd'-d'd-dV 

+b(-a"e-b"d-d'c-d"b +a'd+b'd'+dd+dW+da' 

+/( ~ a * 

+g 0 

which axe of the form , .... 

I -a 0 +&(12)+./ll3)+<7(14), 

II=a(21)+b 0 -h/(23)+<7(24), 

III=a(31)+5(32)+/ 0 +<7(34), 

IV=a(41)+^(42)+/(43)+<7 0, 

where (12)=— (21) &c., and the equation 

Ia+m+III/+IV^=0 

is consequently satisfied. 

23. The expression 


) (41) 

) (42) 

) (43) 


<z, 

ft, 

d 

— 

a. 

c, 

d’ 

~ 

a , 

d , 

0 ' 

— 



6, 

£9 

f 


ft, 

d. 

d 


ft, 

# 9 

d' 



y , ft' 

a 1 , 

ft\ 

d' 


a’. 

o\ 

d" 


a 1 , 

*, 

d 1 



/, </' 


I ' ’ > 1 i 

leads to 

III=-A a (D 1 H-5D 1 H 1 +10D 4 H a ), 

and consequently the equation of the curve which by its intersections with the tangent 
determines the tangentials of a point of a sextic, is 

D‘H—5D 4 H,+10D 4 H S =0. 

24. In the general case of a curve of the order n the matrix is 

( ®05 •• ® 0 ) ®1 * • ) 

$19 $29 $3 * • $n > * * $n—■! 

$05 $19 $2 » • $w-l i $09 $1 • * $*—» 

where, in analogy with what precedes, 

Ok =(X, Y, Z)» 

«, =(X, Y, Z)»-‘(<r, y, *), 


' \ ’f-/ . y+ r -Y, Z) (<r, y, a)- 1 , 

'§, • i®v'!h*T , • 

and similarly for the accented letters, so that 

flj =0 is the equation of the curvef ,r , 

=0 is the equation of lie first or (ai— l)thic polar ; 

<*^=sG is the equation of the last or line-polar, or what 'U the same thing, since (r, y, z) 
1 . Js a point on the curve, the tangent at this point; \, 

a *■ '••^sas^oa^tKMO.^wMch expresses that (ir, y, *}is a poipt o£ the:curve;. , 
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and we have to form the identical equation 

I® 0 + II#]+III®*-14" IV®„=0. 

25. If, for shortness, the columns of the last-mentioned matrix are represented by 

1,2,3...*, (1), (2).>-l), 

and the deter minan ts formed with these columns respectively by a corresponding nota¬ 
tion {1, 2, (1)}, {1, 2, (2)}, &c., then the expressions for the multipliers I, II, III, IV 
are as follows, viz. 

1= {%, w—1, (2)} + {%, n— 2, (3)}... + {«, 2, (n— 1)} 

11= — {w, »-l, (!)} — {«, »-2, (2)}2, (»-2)}-{n, 1, (n-1)}, 
111= — {1, 2, (w—1)} — {1, 3, (w—2)}... —{1, n—-1, (2)} — {1, n, (1) }, 
IV= {1, 2, (*-2)} + {l, 3, (n-1)}... +{1, n-1, (1)}; 
the truth of the identical equation being shown, as in the foregoing special cases, by the 
transformation of the multipliers into the form 

I —d 0 0 +0i(12) + 0„_i(13)+0 n (14), 

11=00(21)+®. 0 +0„_,(23)+® n (24), 
III=® 0 (31)+®.(32)+a B _ J 0 +«„(34), 
IV=0 o (41)+® 1 (42)+« )t _,(43)+0 fl 0 , 


where (12)=—(21) &c.: the required expressions may be written down without diffi¬ 
culty. 

26. Proceeding then to reduce the equation 

III=-{l,2,(n-l)}-{l, 3,(»-2)}...-{l,n-1, (2)}-{l,*,(!)}, 


we have the equation . 

{l,2,(l)}=A i H, 

which is to be successively operated on with D. The degrees (less unity) of the 
columns 

1, 2,.. n—1, n, (1), (2),.. (n—1), 


are 


%— 1, n—2,.. 1, 0, n—2, n—3,.. 0; 


and the rule is to operate on each column of the determinant, multiplying by the degree 
less unity, an d increasing the symbolical number by unity. Thus 

D{1,2,(l)}=(n—1){2,2, (l)}+(n—2){1, 8,{l)}+(*-2){l,2,(2)} 

= * (*-2){l, 3, (l)}+(n-2){l, 2, (2)}, . 

since {2,2, (1)} v anish es identically. The following Table, shows the mode of effecting 
the operations:— ; 
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I H 1 T“ ~=~1 [»—2J" 12 < 1 > 



1 

2 1 
1 2 
1 



1 

6 


4 

8 

6 

6 

3 

8 

4 


3 

1 

2 


8 


2 

3 

1 



3 

1 


10 

5 


10 

10 


5 

10 



■ ,;5 > 

■ lr- 

r'" 

10 


5 

22 

10 

10 

13 

22 

10 

4 

15 

5 


4 

1 ; 





[« — 2]" [74-21 1 

[ 74 —2]' [74—2]" 

>4—2]" [74—2] 2 

'»—2] 1 [?4—2] 1 

*74— 2] 2 [74—2]“ 

[/4-2] 4 [74- 2]" [/4-1] 1 

“»—2]° C«~2] a 

>—2J 1 [«-2] 3 

"w—2]“ [m—2J’ 

>-«]* [w-2J" 

C»-*3‘ C*-*]‘T ~ n> 
C»—s] C 


[74-2]" O 
[74 — 2]' [« 

[71—2]= >4 

[ 
c 



[74-2]" [74-2]" 

[74 — 2]' [74 — 2] 4 

[74 — 2 ] 3 [74-2]» 

[ra—2] a [/4-2] s 

[74 — 2] 4 [74-2]’ 
[77-2]* [77-2]" 


[ 74 —2] 1 [74-2]'* 

[74-2]= [74-2]" 

[74 — 2]" [74 —2] S 

[74-2] 4 [74 —2]‘ 


[T4-2] 3 [«-S]*lr M _ nS 

[74-2]* [74 — 2]"/ L»~1J 



[74-2]" 

[74—2]* 

[ 74 —2] 2 
[71 — 2]* 
[74— 2] 4 
[74—2]* 
[74—S]* 


E»»-®] 

[74-2] 

[n—2] 

[74-»1» 


[74-2]* 

[74-2]* 
[74-2] 4 
[74 — 2]* 
[»-2] fl 
[ 74 —sty 
C«—*3“ 


[74-2]' 

[74—21' 

[»- 2 ] 

[74—2] 


12(3) 

13(2) 

14(1) 


12(4) 

13(3) 

14(2) 

15(1) 

t»3(S2) 




[ 74 - 2 ]* [ 74 - 2 ]° ' [ 74 - 1 ]* 
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where the first three columns show the numbers which give, by the addition of the 
numbers in the same horizontal line, the numerical coefficients of the factorials which 
multiply the different terms of H, DH, &c., and where in the last column 12(1), &c. 
are written for shortness in the place of {1, 2, (1)}, &c. 

27. It is clear that we have in general 

A 4 D'H= l[»-2] , [»-2]' {1, 2, (H-l)} 

+ \ [n-2]‘[»-2]- 1 {l, B, (r) } 

++£■ i, (r-1)) 


+ 1 [»—2J[ft—2]* (l,H-2, (1)> 


+ [W—l ] 1 


■+R; [»-2] 1 [»-{2, 3, (r-1)} 
+Ri [»-2] a [w—2] r_3 {2, 4, (r—2)} 


l+BUC»-2J- , [f»-2]* {2, r+1, (1)} 


+I>-1? 


+R: [»-2]‘ [»-2]-* {3, 4, (r-3)} 
* 

u « 

,+E;-.[»>-2]’-‘[i>-2]“ {8 ,)-, (1) } 


+[*- 1 ]" { 
+[n-l]»-"j 


+Bf [n-if [®-2]*{jH-l ,ir+2 ■(!)) 
r even ; or r odd 

+Rr-»[»-2]«- 1 >[»-2] 1 {|(r+l), J(H-3), (2)} 
+Rf +l) [w-2]^ + «[%-2] 0 {i(r+l), K^+5), (1)}; 


and the general term is 

[n-I y RJ[»-2]* + '[»~2]'-*-'{M-l, S+2+S, (r—25+1—sj}, 
where s extends from s=0 to 5 =r—2S, and S from S=0 to ■Jr or ^(r—1), according 
as r is even or odd. The expression for the coefficients R,° is 


and that of the other coefficients R* (i= or<l) is not required for the present purpose. 

28. Acco r ding to a remark already made, the expressions.for D r H n &c. are at 
once obtained from that for IVH by merely writing &c. in the place of n: 

it is however to be noticed,-that the,quantity within the [ ] must not be negative, and 
that on its beoonung so, the fectorial is to be omitfed.: _ i > • ‘ 

2 ft T ^tenow''-' ■> 


:M»qqoiitx. 


t 
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and I consider the expression 

D'H-!~D r H 1 H-&c.; 

the general term of which is 

5-1-2-1-s, { t — 25-j~l~“S)} 
X (■ [w-l]>-2]“[«-27 ' 

U &c. 


or as this may be written, putting £=%—5—1, 

BS{&+1, &+2-K (r-25+l-s)} 

' j>-2]*[>-2]* 

*1" &c. 


30. I assume r^t>n—2, we have then a-f-/3=r—2, and therefore u-\~(3<q. 
The general term of the series in {} is 

(-)*j§jj[— a-aJCo-a-a?. • 


where the terms for which w—2—9- is negative are to be excluded, or what is the same 
thing, the series is not to be continued beyond &=»—2. But observing that [<£)* 
vanishes for 3->g', that is, 3->n—5—1, it is in fact the same thing;, whether the series is 
continued indefinitely or only to the term for which 5—1, and we may consist¬ 
ently with the condition 2, continue the series as far as 5—1, except in 

the case 5=0, when by doing so-we include the term corresponding to &=»*-* 1, which 
in virtue of the condition ought to be excluded. The expression for the term in question 
is (—)»-»[—l]«[_lp ; hence if the sum of the series continued to the proper point is S, 
the sum continued indefinitely (in the particular case 5=0) is S+(~1]*[—1] @ , 
.bufcin^very other ease the,sum continued indefinitely is simply 8. And by a well-known 
theorebt % continued indefinitely is in tact zero. That is, 

except in the case fc;0> vverhave - , ■ 

, s= 0 , - 

but in the excepted case ; ; ' . 

on observing that a+/3(=»*-~&) is m th|s case s=*y and transforming the factorials, we 

Save’ * . * ** ' '■ - : ^ 

-i:\ •/.. . 


br subsiituting for a and /3 their values, 



a]*-*. 
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31. Hence the general term of 

D’H-~D r H l +&c. 

vanishes except for S= 0 , but when &= 0 , its value is 

R!U, 2+s, (r+1-*)} xC-rWCr-s]-*; 

or observing that R® is equal to [>] r -T-0]*[>—s]'-*, the value is simply 

(-)'t]'{l, 2 +s, (r+l—s)}, 

that is, we have 

D r H—D r H,+&c. 

=(-rW S,{-1, 2 + 5 , (r+l- 5 )>, 

the summation in respect to 5 extending from 5=0 to s—r. In particular, giving to r 
the values n— 2 and »—1, and attending to the expressions for III and IV, we find 

A 8 (D B - 9 H-^p D b-2 H 1 +&c. ..) =— [%-2 ] n - 8 III, 

A 2 D” - 3 H 1 +&c. .^ = -[n—S]“- 3 IV. 

32. The equation 111=0 belongs to the curve which by its intersections with the 
tangent, gives the tangentials of a point of the curve U=0. Hence the equation of the 
curve in question is 

D”- 2 H D“ - 8 H,+&c.=0, 

which is Mr. Salmon’s theorem, leading to the solution of the problem of double 
tangents. 

33. The expressions for I and II are obtained from those of IV and III by inter¬ 
changing (X, Y, Z) and (x, y, z), and reversing the sign. Hence if, as before, % 39, &c. 
denote the values which H, D, &c. assume by this interchange, we have 


A 2 (3B"- S & j—39”" 2 H I +&c. ..)=[«-2] n - 2 II, 
A i (39"- s l- ! i-33 n - 3 H 1 +&c...) =0-3]»- 3 I, 


and the identical equation 


Ia 0 +IIffl,+HI«»_ l +IV<3! B =0 


becomes therefore 

; ; — -I_V D n - 2 H-^D fl - s H 1 +&c.)BT 
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which is the general identical equation referred to in the introduction to the present 
memoir. 

34 . It is to be noticed that for »=3, the equation is 

(g-2i 1 )U+Pi.DU-iDH.BT-(H~2H 1 )T=0. 

But we have H,=H, and in like manner %=% and the equation thus becomes 

-®U+i®i.DT-iDH.JiT+HT=0. 

And so also for n= 4, the equation is 

But we have in general DHj=— 2 DH, and therefore in the present case I)H,=|1)H, 

and consequently 2 B?h=£ 2 B 3 l 5 and the equation thus becomes 

~li.U+i(B^-3|9 a ®')I > U--i(D a H-3D s H 1 )©T+DH.T=;0, 
which agree with the results previously obtained for the two particular cases. 
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XII. On the Resistance of Glass Globes and Cylinders to Collapse from external pressure; 
and on the Tensile and Compressive Strength of various kinds of Glass. 

By W. Fairbairn, Esq., C.E., F.R.S., md Thomas Tate, Esq. 

Received May 3,—Read May 12,1859. 


The recently published experiments upon the collapse of tubes of wrought iron*, led to 
results so novel and so much at variance with the ordinary rules of practice, as to exem- 
plify anew the caution and diligence which are requisite in investigating the physical 
laws of nature, in order to arrive at just conclusions in regard to the properties of 
materi als and their most effective distribution for the purposes of construction. 

In the experiments alluded to, it was clearly shown that the prevailing ideas of the 
strength of vessels subjected to a uniform external force were erroneous and at variance 
with the laws of resistance to collapse under such circumstances; whilst in practice the 
prevalence of error in this matter had led to serious and sometimes fatal accidents, 
arising out of the construction of vessels of inadequate strength to sustain the pressures 
placed upon them. These errors, it is hoped, need no longer be perpetuated: the expe¬ 
riments on wrought iron indicated a means of increasing the strength of boiler flues and 
other vessels of that material, subjected to a collapsing force, to any required amount; and 
this was the immediate practical application of the general law then discovered, that the 
strength of cylindrical vessels, exposed to a uniform external force, varied inversely as 
the length between the rigid ends. 

The results deduced from the experiments on tubes composed of riveted plates were 
so important as to suggest further inquiry, under the same conditions of rupture, but 
with other materials, differing in their physical properties from wrought iron. The 
joints in the tubes employed in those experiments were defects the influence of which 
might be determined by experiments upon homogeneous vessels. The ductile yielding 
character of wrought iron suggested the extension of the experiments to hard, rigid 
materials, more‘capable of retaining their form under pressure. 

To fulfil the conditions thus sought for, glass was selected for experiment, as a mate¬ 


rial differing totally in character from wrought iron, and on that account well fitted; to 
supply data for extending our knowledge of the laws of collapse. Of vitreous structure, 
rigid, elastic, and brittle, and of low tenacity, it possessed the further advantage of being 
easily obtained and blown into homogeneous vessels of the required forms. But there 
were other reasons which had weight in making this selection. Our acquaintance with 

* PMoaophioal transactions, 1858, pp. 889—413. at page 408, in the place 

of and. by an obmoHS tew^dEamjatioii,” reaS '“ and a® dWpw transformation”. 

-■Mhocdiiix'- V'-' ' 
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the strength of glass, in the various forms in which it is employed m the arts and in 
scientific research, is very limited; and often as it is employed in circumstances m winch 
it is exposed to pressure, few attempts have been made to register observations of its 
strength. Some researches on the density of steam at high pressures, now in progress, 
led to an examination of the subject, and added, to other reasons for testing its powcis 
of resistance, the immediate necessity of knowing more of its properties before it could 
be trusted in those experimental inquiries. 

Our knowledge of the cohesive properties of glass is so defective, that, to arrive at. 
sa tisfac tory and complete results, it was deemed advisable to ascertain by diieet experi¬ 
ment its t ena city, or resistance to a tensile strain, its resistance to a crushing force, and, 
in the form of globes and cylinders, to determine its resistance to an internal bursting 
force and to an external pressure tending to produce rupture by collapse. I he results 
of the experiments upon glass globes and cylinders will, it is believed, foim decided 
contributions to our present knowledge relative to the laws which determine the strength 
of materials. One remarkable result is that the law expressing the resistance of glass 
cylinders to compression is precisely similar to that which has been established for sheet- 
iron cylinders. 

The glass experimented upon was of three kinds, known commercially as 

Best Flint-glass, 

Common Green Glass, and 
Extra White Crown-glass. 

The flint-glass obtained from Messrs, Molineaux, Webb, and Co., Manchester, was 
made of sand, oxide of lead, and carbonate of potash, in the following proportions:— 

Sand.54 per cent. 

Bed oxide of lead . . . . 22 per cent. 

Carbonate of potash ... 24 per cent. 

This glass is of a fine transparent character, fusible, and of a high specific gravity, due 
to the, large per-centage of lead in its composition. 

, The |ptefn and crown-glass were obtained from Messrs. Chance Brothers of Binning- 
sand, soda, and hme in the following proportions :-7 

. / l ' * ".. v Gtosa; 

'•■'V / Sand" - , TOO,parts 

Sulphate of soda . V . 42 parts 

Carbonate of lime , 45 parts : 
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White Crown-glass. 

Sand.100 parts. 

Carbonate of soda .... 38 parts, 

lime.11 parts. 

A dear transparent glass, hard under the action of the grindstone, and highly infusible. 
The specific gravity of these different kinds of glass varies greatly; the following 
Table gives the result of several determinations:— 

Specific Gravity of Glass. 

Best flint-glass .... 3*0787"! 3.0782 
Best flint-glass .... 3*0777J 
Common green glass . . 2*627912-5284 

Common green glass . . '2*5289.1 

White crown-glass . . . 2*4498"[2.45Q4 

White crown-glass . . . 2*4510J 


Section I.—TENACITY OF GLASS. 

A few experiments were made upon the tenacity of glass, by tearing specimens asunder 
by a direct tensile strain. These results, however, owing to the following circumstances, 
are not so satisfactory as could be wished. In breaking glass by the method adopted for 
other materials, namely, by suspending weights to it, there is danger that its great rigidity 
and brittleness may occasion its fracture before the entire cohesive force L 

has been balanced by the strain applied, from the vibration of laying 
on the weights. In the experiments upon globes, however, in which a 
uniform water pressure was employed, the tenacity of the glass was ascer¬ 
tained with more accuracy, and any failure in the present experiments 
is therefore the less to be regretted. The glass to be broken by a ten¬ 
sile strain was obtained of the form shown in fig. 1, drawn smaller at the 
middle to secure fracture at that part. These specimens were fixed in a 
pair of wrought-iron shackles, and rested by their shoulders upon a thick 
india-rubber washer placed on the turned faces of the shackles* In this 
state they were suspended to a firm support, and a scale-pan attached to 
the lower shackle. Weights were then added, with the greatest care, till 
the specimen fractured. In this manner the following results were ob¬ 
tained :— 

Experiment!. 



Least diameter . v ,* , 0*57 in. . ; . 

Least area . . . ■- *» 0*255 ni* ( 
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The fracture took place at a, fig. 1, aud presented a regular smooth cum* surface. 
No notch had been cut in this specimen. 

Experiment 2. 

Annealed Flint-glass . 

Least diameter .... 0‘50 in. 

Least area.0 - 196 sq. in. 

Br eaking weight, 499 lbs.=2540 lbs. per square inch. 

Broke in the notch at t, fig. 1, which in this case was cut by the grindstone. It is 
possible that the exterior coat of glass may be stronger than its core, in winch rase the 
above specimen was weakened. In the next experiments the specimens were drawn 

thinner by heat. 

Experiment 3, 

Common Green Glass. 

Least diameter .... 0-53 in. 

Least area. 0-220 sq. in. 

Br eaking weight, 639 lbs.=2896 lbs. per square inch. 


Experiment 4. 

White Crown-glass. 

Least diameter .... 0-54 in. 

Least area. 0-229 sq. in. 

Br eaking weight, 583 lbs. =2545 lbs. per square inch. 

Broke at shoulder a, fig. 1. 

The following Table exhibits at one view the results of these experiments, which, 
notwithstanding the objections to the method by which they were obtained, appear to 
be consistent with each other. 


Table I.—Tensile Strength of Glass Bars. 



Area of specimen, 
Inlnohes, 

Breaking weight, 

Tenacity per square inch, 

inm 8 

in lbs. 

in tons. 

Greet) glnss •• *•« ♦»-» 

1 Crown-glass a**-**. «•«***;»■*» 

VHOfi..; 
0*196 
; 0-280 
' 0*889’ 

0 83 

' 499 - 

639 

083 

8886 

8040 

8896 

8046 

1*08 

1*13 

1*89 

1*14 


It may be observed herey in anticipatipn, that the tensile strength is much smaller in 
. the ease of glass fractured by a direct strain hi the form of b&rs, than when burst by 
interned pressure in the form of thin globes* ; This difference is no doubt mainly due 
thin-plates of this material generally possess a higher , tenacity than 
stout bars*, tfhi^h, -under the most tavoumbleefrcuBw^ 
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annealed. There is also a considerable discrepancy between the strength of green and 
crown-glass when in the form of bars and when in the form of globes. In the case of 
the bars, the results are as 1*0 to 1'13 in favour of green glass, whilst in the case of the 
globes,* the results are as 1*0 to 1*2 in favour of the crown-glass. These discrepancies 
may, however, be accounted for from the different condition of the material in relation 
to annealing in the two cases, or from an imperfect bedding of the specimen, causing 
a distortion of the strain out of the direction of the axis of the specimen, or from 
.accidental vibration in laying on the weights. 


Suction II.—RESISTANCE OP GLASS TO CRU SHIN G. 


The next series of experiments was instituted with a view of determining the powers 
Pig. 3. Pig. 2. 




of resistance of glass to a direct crushing 
force. The specimens subjected to experi¬ 
ment were small cylinders (fig. 2) varying in 
length from 1 to 2 inches, and about three- 
quarters of an inch in diameter. They were 
placed for the purpose of crushing within 
the box a (fig. 3), thin packings of soft lead 
being interposed between the glass and the 
parallel crushing surfaces of the box and 
its solid steel piston b ; in this way a firm and 
uniform bearing surface was secured, and 
the crushing force was applied perpendi¬ 
cularly in the direction of the axis of the 
specimen. Fig. 3 exhibits' the general 
arrangement of the crushing apparatus, con¬ 
sisting of a lever A, 8 feet long, supported 
on a strong cast-iron base B, B. The crush¬ 
ing force obtained by placing weights; in the 
scale-pan hung at the extremity bf the lever 
is transmitted through the piston b, to the 
specimen to be crushed, c. 
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Flint-glass Cylinders. 

Experiment 1. 

Diameter .... 0*85 inch. 

Area. 0-5674 square inch 

, Height.1-0 inch. 

Placed between india-rubber packings. 

This spe cim en having been slightly fractured at an early stage in the expciiment, it 
was taken out and the fractured side ground flat preparatory to another trial. 


Experiment 
The same specimen as in 

Diameter. 

Height of segment (ab ). . 

Area. 

Height of specimen . . . 


Experiment 1. 

. . . 0-85 inch. 

. . . 0-73 inch, 

. . . 0-555 inch. 
. . . 1*0 inch. 


V «.4. 



'Weights added, 
in lbs. 

1321 
2080 
896 
896 
896 
896 
- 896 
448 
448. 
448 
,224 
224. 
224 


Total weight, 
in lbs. 

1321 

3401 

4297 

5193 

6089 

6985 

7881 

8329 

8777 

9225 Fractured 
9449 
9673 
' 9897 
10121 
.r,:,10345; 


Weights added, 
ui lbs. 


Total weight, 
in lbs. 

10509 

10793 

11017 

11241 

11466 

11689 


12137 


12585 

12697 

12809 

12921 

13033 Crushed 


‘ *: v 1 9,225 lbs*ssl6,621 lbs. per square inch. 

Crushed with v ; I§,688 lbs. as:23,483 lbs. per square inch. 

. It will not be necessaryagaift to rej^ ^ detidl &e steps by which the weights wore 
aqgm^ited, as these were similar in every case. ; In ihe succeeding experiments the 
weights at which the specimens fractured and crushed are alone given. 
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Experiment 3. 


Diameter.0*69 inch. 

Area. 0*8739 square inch. 

Height.l'O inch. 


Fractured with 11,465 lbs.=30,661 lbs. per square inch. 
Crushed with 13,033 lbs. =84,854 lbs. per square inch. 

Experiment 4*. 


Diameter.0*70 inch. 

Area. 0*3848 square inch. 


Height.1*56 inch. 

Crushed suddenly with 5193 lbs.=13,494 lbs. per square inch. 

Experiment 5. 


Diameter.0*83 inch. 

Area.0*541 square inch. 


Height.1*6 inch. 

Crushed suddenly with 11,241 lbs.=20,775 lbs. per square inch. 

Experiment 6. 

Diameter ...... 0*68 inch. 


Area. 0*3631 square inch. 

Height .2*05 inches. 


Crushed with 11,913 lbs.=32,803 lbs. per square inch. 


Green Glass Cylinders. 
Experiment 7. 


Diameter.0*77 inch. 

Area. 0*466 square inch. 

Height . ..1*0 inch. 


Fractured with 6933 lbs.=14,8881bs. per square inch. 
Crushed with 10,516 lbs.=22,583 lbs. per square inch. 

Experiment 8. 


Diameter.* 0*76 inch. 

Area. 0*454 square inch. 

Height .. .1*5 inch. 


Fractured with 8126 lbs.=17,8831bs. per square inch. . 

Crushed with 16,891 lbs.=35,029 lbs. per square inch. , '. 

* Thi# experiment is bo evidently anoraalous/ that tliere oan. be little doubtthat the bedding surfaces 
were not parallel ,* hence 
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Experiment 9. 

Diameter.^‘79 inch. 

A^a. 0-4901 square inch. 

Height.2-0 inches. 

Sustained a weight of 18,634 lbs. = 38,015 lbs. per square inch, 
without being crushed. At this point the deflection of the lever was so great, that it 
was considered dangerous to proceed. On removing the specimen to a heavier lever, it 
crushed with a force of 12,000 lbs. The larger weight, however, had been fairly sup¬ 


ported. 


The two cylinders of crown-glass were slightly rounded towards the edge* of the bear¬ 
ing surfaces, which reduced the area directly subjected to the crushing foice. It. is 
therefore probably most accurate to take the less area in reducing the results. 


Diameter 


Experiment 10. 

0-72 inch at middle. 
10-68 inch at ends. 


Area.'• 0-363 square inch. 

Height.1*6 inch. 


Crushed suddenly with 14,100 lbs.=38,825 lbs. per square inch. 


Experiment 11. 

j0-80 inch at middle. 
* ‘ lO-l 


“““■ • • 10-76 inch at ends. 

Area ....... 0-454 square inch. 

Height.1-0 inch. 

Crushed suddenly with 10,516 lbs.=23,181 lbs. per square inch. 

Arranging the above results together, we obtain the following general Table of the 
results of the experiments:— 


Table H. —Summary of Results of Experiments on the Resistance of Annealed Glass 

Cylinders to Crushing, 


■ ' ;; 

-ritr vh !V 

Height of 

Area of cylinder, 
totochea* 

Weight 1 

causing fracture, 

■ to lbs* 

Crushto^eight, 

Bra 


► .; -.-.- 

■ ■ r 

Flint-glass 


0*555. 

S '1 0*374 
0*841 ; :• 
0-363 

■V 9,835 '*} 

; 11,465 ,:V 

13,033 
13,033 
i 1,841 
11,913 : 

16,631 

30,661 

83,488 

34,854 

30,775 

83,803 

. Green glass 


0-466 ; 

. 0-454 ■ 

0-490 


10,516 
15,891 
, 18,634 , 

14.888 '. 

17.888 

88,388 

35,088 

38,015 


1*0 

0-454 
• 6-363 

BE 

■ 10,516, \ 
14,100 

■ s 

WBESmm 

■ ' ssiitsi 

X . 38,885 . 





















OF GLASS, AND THE RESISTANCE OF GLASS VESSELS TO COLLAPSE, 221 
Taking the means of the above values, and reducing the weights to tons, we have— 
Table III.—Mean Compressive Resistance of Glass. 


Description of glass. 

Height 
of cylinder, 
in inches. 

Crushing weight per | 

square inch, 1 

Mean crushing weight 
per square inch, 

in lbs. 

in tons. 

in lbs. 

in tons. 

Flint-glass .^ 

1-0 

1-6 

2*0 

29,168 

20,776 

32,803 

13- 021 
9-274 

14- 644 

^27,582 

12-313 

Green glass.^ 

1-0 

1*5 

2*0 

22,583 

35,029 

38,015 

10-081 

15- 628 

16- 971 

j>31,876 

14-227 

Crown-glass .| 

1-0 

1*5 

23,181 

38,825 

10-348 

17-332 

131,003 

13-840 


me mean resistance ui tu - - - 

ments, equivalent to 13-460 tons per square inch. Assuming the above numbers to 
represent the comparative values of each kind of glass, and taking flint-glass as the 
standard, we have their respective strengths as follow 

Green glass . • • 1152 

Crown-glass . . . 1124 

Flint-glass .... 1000 

The specimens were crushed almost to powder from the violence of the concussion 
when they gave way; it however appeared that the fractures occurred in vertical 
planes, split ting up the specimen in all directions. This characteristic mode of disin¬ 
tegration has been noticed before, especially with vitrified brick and indurated lime¬ 
stone. The experiments following on cubes of glass which were exposed to view during 
the crushing process, illustrated this subject further: cracks were noticed to form some 
time before the specimen finally gave way; then these rapidly increased in number, 
split ting the glass into innumerable irregular prisms of the same height as the cube; 
finally these bent or broke, and the pressure, no longer bedded on a firm surface, 
destroyed the specimen. The annexed ideal sketch (fig.^5) may give some Fig. s . 

notion of the fractures of a cube, supposing all the particles were restored 

to their position after crushing. ■ 

The specimens employed in the following experiments were cut from the 
square heads of the pieces of glass employed in the experiments on tensile 
strain (fig. 1). These pieces were approximately cubical; and their size prevented then- 
insertion in the box a (fig. 3); they were therefore crushed between parallel steel discs, 
exposed to view. The crushing was more gradual, and was not. .effected so completely 
in these. experiiheritsas in those, oh small cylinders, tHe.fragEdents ’bmhg in. every case 
larger after .©onijlhsion of the experiment: it must fic^er bis; recollected, m com- 
paring these with the preceding experiments; that the cylinders were cut off; of the 

diameter desired, so 


l|[ 

IT 



1 
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as to retain the first-cooled exterior skirt of gloss, which is probably of grn.tci tenacity 
than the interior; on the other hand, the cubes were cut from the centre of Inrun 
lumps of glass, and were possibly in a state of imperfect annealing. 


Flint-glass Cubes. 

Experiment 12. 

Area =0-90 x 0-07 inch =0-9.112 square inch. 

Height =1-15 inch. 

Crushed suddenly with 13,267 lbs.=14,236 lbs. per square inch 

Experiment 13. 

Area =0-99 x 0-98 inch=0-9702 square inch. 

Height =1-16 inch. 

Crushed with 12,809 lbs.=13,202 lbs. per square inch. 

Experiment 14. 

Area =0*98 X 1*02 inch=0*9996 squaro inch. 

Height =1-10 inch. 

Crushed with 18,267 lbs.=18,202 lbs. per square inch. 

Experiment 16. 

Area =0-98 inchX 0*98 in.=0*9604 square inch. 

Height =1*10 inch. 

Fracturod with 0687 lbs.=680C lbs. per squaro inch. 

Crushed with 11,868 lbs,=ll,820 lbs. per square inch. 

Green Glass Cubes. 

Experiment 16. 

Area =1*0 x 0*98 inbh«0*98 square inch. 

Height =10 inch. 

Crashed frith 20,069 lbs,=20,468 lbs. per square inch. 

ET p p«r fm«n$ 17 , 

Area =0*99 x 1*2 inch=l*l$8 square inch. 

! Height =1*0 inch. 

J] <J$uih«d with 28,686 lbs. =19,946 lbs, per square inch, 
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Crown-glass Cube. 

Experiment 18. 

Area =0-82 x 0-02 inch=0-7534 square inch. 

Height =0-1) inch. 

Crushed with 10,475 lbs.=21,807 lbs. per square' inch. 

This crushed suddenly after bearing the weight some time, and was reduced almost 
to powder. 


Table IV.— Summary of the Results of Experiments on the Resistance of Cut Glass 

Cubes to Compression. 



For flint-glass.13,130 

For green glass ..... 20,200 
For crown-glass ..... 21,807 
Mean .... 18,401 


Comparing these with the preceding results on glass cylinders, we have the mean resist¬ 
ance of the former experiments to the mean resistance of the above as 80,158:18,401, 
or as 1*6:1. 


General Observations relative to the Results of the JErperiments on the Resistance of Glass 

Cylinders and Cubes to Crushing. 

With iron and some other materials, when a short column undergoes a pressure in 
the direction of its length, rupture takes place in a plane having a determinate angle to 
the aads of the col umn, this plane being the section of least resistance. Neglecting the 
friction of the surfaces, Coulomb found this angle to be 46°; and allowing on an average 
10° for the limiti n g angle of friction, the angle of the plane of rupture way be taken 
at 65°, To fulfil this condition, the length of the column to be crushed should be at least 
three times its radius: whoa the length greatly exceed* this limit, the rupture will be 
effected by the tendency of the column to tend* sad Vhen the length is within this limit, 
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the force requisite to produce rupture will be increased in consequence of the irregular 
form of the lino of fracture. These theoretical deductions have been eonimned by 
experiments made upon columns of iron, wood, bone, stone, and other materials. I he 
results of the experiments here recorded, however, show that when the length of the 
cylinder does not greatly differ from three times its radius, the resistance to a crushing 
force is pretty nearly a constant, viz. on an average 12*313 tons per square inch in the 
case of flint-glass, 14-227 tons in the case of green glass, and 13*84 tons in the case of 
crown-glass. But, according to Coulomb’s law, the cubes of flint-glass (their lengths 
being considerably less than three times their semi-tliameters) should have presented 
higher powers of resistance than the cylinders; this discrepancy is probably owing to the 
injury which the glass had sustained in the process of cutting, and to the imperfect 
annealing of glass when cast in the form of cubes and cylinders. 


Suction III.—RESISTANCE OF GLASS GLOBES AND CYLINDERS 
TO INTERNAL PRESSURE. 

In the following experiments it has been sought not only to determine the law of 
resistance to internal pressure, which is already well known from theoretical considera¬ 
tions, but to ascertain the direct tensile strength of the glass (of which the bursting 
pressure is a function) by a method free from many of the objections to that described 
in Section I. The bursting pressure of cylindrical and spherical vessels is well known 
to be in the ratio of the tenacity of the material, other things being the same, and the 
determination of the tensile strength upon this principle, presents in the case of glass 
peculiar advantages. As glass can be obtained in tolerably perfect spheres, and as the 
fracture of these may be effected by a uniform water pressure, increasing slmvly and 
regularly without vibration, there is a better chance of ascertaining the ultimate resist¬ 
ance of the material, from the absence of those shocks and irregularities which are inse¬ 
parable from any process depending upon the piling up of weights, however carefully 
'conducted.- ' ,r ' .••••. " •" -' r v ■■ 

In making these experiments, a number of glass globes were procured of varying size 
and thickness. The stems were then flanched out by the blowpipe * 

s> and ihe diameter having been carefully measured, they were 
To* effect their, rupture, each globe, k (fig. 7), 
was a s of a stuffing-box (a) to the cover of a strong 

the iron cylindrical vessel 





to prevent 

In the stuffing-box the ; 

^ vulcanized ihiha-rabber, ii 
meat without 





bf the globe was bedded 
as to' secure' a water- 1 

to the Interior of the globe, 
connected with a hydraulic pump by meaas of the pipe i, and an accurate 
' consfcraction was fixed to:'the 
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would rise in the globe, compressing the air in its interior, progressively, up to the 
point at which the resistance of the glass was overcome by the expansive force of the 
fluid; at that point explosion would take place, the pressure in pounds per square inch 
being noted both by the eye of the observer and by the maximum finger of the gauge. 

Fig. 7. 


t 


In glass globes generally, the upper half of the sphere a, b, c (fig. 6) is the most 
spherical, and is approximately uniform in thickness, being however thinnest at and 
t hickening gradually downwards towards the stem, the lower half (a, d, c) being consider¬ 
ably the strongest. Hence it happened, in several cases (in feet m every case in which 
the point could be determined with certainty from the condition of the fragments), that 
the globes ruptured first at b, the lines of fracture radiating in every direction,^ passing 
round the globe as meridians of longitude, and splitting it up into thin bands, varying from 
•a^th to $-th inch in width. In the case of some elongated ellipsoids, it appeared that 
the fractures occurred horizontally, or perhaps obliquely, from the condition of the frag¬ 
ment* attached to the stem. In most cases, however, it was not. clear from the frag¬ 
ments which had been the direction of the fradhre, sithotogfi tfe rapture was 

the same in eviiy case* -iH'' 

.To.tacerta&i thfrhnaw, several ft 016 ^ innest 

ments, andewhbeing of threads t0 





220 MIft. W, FATttBAIRN AND Mlt. T. TATE ON THE MECHANICAI. PROPERTIES 

tho inch and reading on a graduated head to W<r«th »£« inch, the miuinmm thickness 
was assumed as that of the part which ruptured, and has boon employed ni reducim- the 

results. .... 

It must also bo observed that the globes were usually slightly elliptical, m some eases 

seriously so; the vertical diameter, bd (using the same form of expression us before), 
being generally less than the horizontal, ac. In the following Tables the two diameters 
are given in each case. 

Flint-glass. 

Experiment 1. 

Globe a. Diameters 4*0 and 8*98 inches. 

In parts of an inch. 

■ 0-0280' 

0-0256 
0-0284 
0-0244 
0-0302 
0-0250 
.0-0240. 

Bursting pressure =84 lbs. per square inch. 

Experiment 2, 

Globe b. Diameters 4-0 and 8-08 inches. 

In ports of on inch, 

■0-034 * 

0-082 
0-031 
0-0254 


Thicknesses measured-s 


> Minimum =0-024 inch. 

i 


Thicknesses measured 


> Minimum =0*025 inch. 


0-0256 
0-031 
10*028 . 

Bursting pressure =93 lbs. per square inch. 

Experiment 8. 

Globe o . Diameter 4*0 inches. 

In parts of an inch, 
r 0*040 *i 


Thicknesses measured 


0*089 
.0*038 _ 

Bursting pressure =150 lbs. per square inch. 


0*0406 

0*039 j» Minimum =0*088 inch. 
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Thicknesses measured < 


^Minimum =0-050 inch. 


Thicknesses measured's 


> Minimum =0-058 inch. 


Experiment 4. 

Globe (1. Diameters 4 -5 and 4-55 inches. 
In parts of an inch. 

‘ 0 - 0020 ' 

0-0004 
0-0581 
0-0020 
0-0501 
0-0014 
0-0004 
L 0-0080 J 

Hurst with 280 lbs. per square inch. 

Experiment 6. 

Globe e. Diameters 5T and 5-12 inches. 
In parts of iui inch. 

0-0580' 

0-059 
0-0580 
0-0004 
0-0020 
_ 0-059 _ 

Hurst with 184 lbs. per square inch. 

Experiment 0. 

Globe f. Diameter O’O inches. 

In parts of an inch. 

0-000 “ 

0*000 
0-000 
0-059 
0-0592 
, 0-0592J 

Burst with 162 lbs. per square inoh. 

Experiment 7. 

Cylinder g, Diameter 4-05 inches. 

In parts of an inch. 

r 0-079 
0-081 
0-090 
0-086 
0-086 
0-079 

0-066 J 

Burst with 282 lbs. per square inch. 


Thicknesses measured 


V Minimum ss0*051) inch. 


Jxmgth 7*0 inches. 


Thicknesses measured^ 


> Minimum »0*079 inch. 


Jflg. 8. 

rr" 

MM 
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Green Glass. 


►Minimum =0-022 inch. 


Experiment 8. 

Globe 1c. Diameters 4*95 and 5-0 inches. 
In parts of an inch. 

'0-029 ' 

0-024 

0-026 

A.AOO 

Thicknesses measured ^ Minimum =0-0! 

0-026 

0-028 

0-024 

. 0-0225 _ 

Bursting pressure =90 lbs. per square inch. 

Experiment 9. 

Globe l. Diameters 4-95 and 5-0 inches. 
In parts of an inch. 

'0*024 ' 

0-023 

0-022 

Thicknesses measured* l Minimum =0-0 

0*023 

0-022 

0-020 

. 0-020 „ 

Burst with 85 lbs. per square inch. 


Thicknesses measured- 


Minimum =0*020 inch. 


Experiment 10. 

Diameters 4-0 and 4-05 inches. 
In parts of an inch. 

r 0-020 i 


Globe m. 


0-0205 

0*0202 

0*021 

Thicknesses measured*; ® Mini m um 

0*020 

0-023 

0-0205 

0*0215 

-0-020 J 

Bursting pressure =84 lbs. per square inch. 


Minimum =0-018 inch. 
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Minimum =0-016 inch. 


Globe p. 


Thicknesses measured 


Minimum =0-025 inch. 


Experiment 11. 

Globe n. Diameters 4-0 and 4-03 inches. 

In parts of an inch. 

r 0-016 v 
0-019 
0-018 

Thicknesses measured< 0-017 Minimum =0-016 

0-019 
0-016 
w 0-016 J 

Bursting pressure =82 lbs. per square inch. 

CrovMrglass. 

Experiment 12. 

Globep. Diameters 4-2 and 4-35 inches. 
In parts of an inch. 

" 0-0252 ' 

0-0270 
0-0272 I 

Thicknesses measured-s Q.ngg Minimum =0-02 

0-0252 
_ 0-0256 _ 

Burst with 120 lbs. per square inch. 

Experiment 13. 

Globe q. Diameters 4-05 and 4-20 inches. 
In parts of an inch. 

"0-028 ' 

0-0236 
•0-0256 I 

Thicknesses measured-s Q.Qggg Minimum =0-02 

0-0212 
0-0210 „ 

Bursting pressure =126 lbs. per square inch. 

Experiment 14. 

Globe r. Diameters 5-9 and 6*8 inches. 

In parts of an inch. 

"0-0334" 

0-020 

0-0244 . M 

Thicknesses measured q.q-^ Minimum =0-01 

0-0172 
„ Q-016 , 

Burst with 69 lbs. per square inch. 

2 I 


Thicknesses measured 


Minimum =0-021 inch. 


Thicknesses measured 


Minimum =0*016 inch. 


MDCCOLIX. 
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Experiment 15. 

, fhorizontal =6*0 inches. 

(Hole*. D.amotersj^^ =0 . 3 indle . 


Thicknesses measured's 


r Minimum =0*020 inch. 


Thicknesses measured x 


Pxg. i). 


> Minimum 0*016 inch. 


In pmts of an inch. 

’0*024 " 

0*020 
0*0228 
0*0204 
0*0270 
_ 0*0202 

Bursting pressure =86 lbs. per square inch. 

Experiment 16. 

Ellipsoid t. Diameters 4*1 and 7*0 inches. 

In parts of an inch. 

0*0180* 

0*0208 
0*0220 
0*0160 
0*0184 
0*0170 
L 0*0220 -> 

Bursting pressure =80 lbs. per square inch. 

Experiment 17. 

id v. Diameters 4*0 and 7*0 inches. 

In parts of an inch. 

’ 0*0206 
0*0208 
0*0224 
0*0190 
0*0206 
0*022 
0*021 
10*0264 J 

Bursting pressure =109 lbs. per square inch. 

i i 

, S umming up the preceding results, they 1 are arranged in the following Table 



Thicknesses measuied< 


Minimum =0*019 inch. 
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Summary of Results. 


Table V.—Resistance of Glass Globes to internal pressure. 



Table VI .—R esistan ce of Glass Cylinders and Ellipsoids to internal pressure. 


Number of 
experiment. 

Description of glass. 

Form of vessel. 

Diameter, 
in inches. 

Thickness, in 
parts of an inch. 

Bursting pres¬ 
sure, in pounds 
per square inch. 

VII. 

Flint-glass . 

Cylinder . 

4-05 x 7-0 

0-079 

282 

XVI. 

Crown-gla-s. 

Ellipsoid . 

4-1 x7*0 

0-0X6 

80 

XVII. 

Crown-glass.. 

Ellipsoid . 

4-1 X7-0 

0-019 

1 109 


Section IV.—ON THE RESISTANCE OF GLASS GLOBES AND CYLINDERS TO AN 

EXTERNAL PRESSURE. 

The following experiments are in continuation of, and supplementary to the researches 
on the collapse of Wrought-iron vessels already alluded to. In this aspect they are the 
most important in their bearings and the most, novel of any in the present memoir. 

The method of conducting them did not differ in any essential detail from that 
pursued in the researches upon wrought-iron tubes, described in a former paper. A 
number of globes of varying dimensions were procured, and hermetically sealed by 
means of the blowpipe. In this state they were fixed in the interior of the strong 
wrought-iron boiler B (fig. 10) (capable of sustaining a pressure of about 2500 lbs. , per 
s^ua^ ipch), in the position shown at A. The boiler or vessel B communicated by 

a'hydravdic force-pump having a plunged b# ! #ree**irmrtm3 of 
. an 'inch <jhafc » tmifbrm pressure of about lOOOlbk pef ^uare inch could 

easdy Wobfis^||-||^|^tder to-xagistbe the Sehaeffiar construc¬ 
tion (C)jwere .irf.W, certain and, 

accurate'indica«em;'4^^^Ml P’W ^ ^P 8 ® df 
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the glass vessel was made known by a loud report, and by the instant recession of the 
moveable finger of the gauge i ; the maximum pressure obtained was marked by a 
second finger k, and also, to prevent error from any accidental cause, by the eye of the 
observer*. 

Fig 10. 



During the collapse the globes were reduced to the smallest fragments; in some 
cases a great part almost to powder, by the violence of the concussion. Hence in these 
experiments no indication could be found of the mode in which the globes had given 
way, nor of the direction of the primary lines of fracture. 

After the globe had been ruptured, the fragments were carefully collected, and a 
selection having been made of the thinnest, they were measured, as before, by means of 
a micrometer-screw. The minimum thickness thus determined has been assumed for 
the thickness of the point of rupture in the calculations. 

* In pressure-gauges of the Schaeffer construction a corrugated steel plate measures the force, by 
expanding under pressure. The indications are communicated by a rack and pinion to the of the 
gangs which moves over a face plate graduated by trial. In principle this gauge does not materially di ffer 
from the aneroid barometer. 
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Experiment 1. 

Globe A. Diameters 5-05 and 4-76 inches. 

In parts of an inch. 

ro-oi70i 
0-0192 


Thicknesses measured 


LMinimum =0-014 inch. 


I 0-0190 
. 0-0218 
0-0220 
0-0146 
0-0178 
l0-0154j 

Collapsing pressure=292 lbs. per square inch. 


Experiment 2. 

Globe B. Diameters 5*08 and 4-7 inches. 

In parts of on inch. 

" 0-02101 
0-0200 
I 0-0180 
0-0200 
0-0194 
0-0188 
0-0192 
10-0196 J 

Collapsing pressure=410 lbs. per square inch. 


Thicknesses measured 


> Minim um =0*018 inch. 


Experiment 3. 

Globe C. Diameters 4-95 and 4-72 inches. 
In parts of an inch. 


Thicknesses measured 


I 

y Minimum =0-022 inch. 


r0-0214- 
0-0246 
0-0208 
0-0220 
0-0266 
0-0222 
L0-0226J 

Collapsing pressure =470 IBi per square inch. 
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Experiment 4. 

Globe D. Diameter 5 ‘6 inches. 

Mini-mum thickness =0-020 inch. 

Collapsing pressure =475 lbs. per square inch. 


HEs 


Globe U. 


Thicknesses measured ■< 


Experiment 5. 

Diameters 8-22 ancl 7-45 inches. 

In parts of an inch 

fO-0152" 

0-0118 
0-0122 
0-0100 

0 0106 L ‘M’iniinniTm =0*010 inch. 

0-0128 I 


Thicknesses measured ■< 


> Minimum =0*012 inch. 


0*0108 
0-0108 
0*0110 
10-0102J 

Collapsing pressure =35 lbs. per square inch. 

Experiment G. 

Globe F. Diameters 8*2 and 7-2 inches. 
In parts of an inch. 

"0-0124' 

0-0188 
0*0126 
0-0116 
0*0120 
w 0*0120. 

Collapsing pressure =42 lbs. per square inch. 

Experiment 7. 

Globe G. Diameters 8*2 and 7*4 inches. 
In parte of an inch. 

rO'Oim 
10-01441 
0 * 016 $ 

0*0148 
I 0*01441 
0-0158 
0-0164 
[0-0150j 

CoUppeing pressure =60 lbs. per square inch. 


Thicknesses measured 


lMinimum =0-015 inch. 
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Experiment 8. 

Globe H. Diameters 4-0 and 3-98 inches. 

Minimum thickness =0-024 inch. 

This globe sustained unbroken a pressure of 900 lbs. per square inch. 

Experiment 9. 

Globe I. Diameter 4-0 inches. 

Minimum thickness =0-025 inch. 

This globe sustained unbroken a pressure of 900 lbs. per square inch. 

Experiment 10. 

Globe K. Diameter 6*0 inches. 

Minimum thickness =0-059 inch. 

This globe remained unbroken with a pressure of 1000 lbs. per square inch. 


Minimum =0-024 inch. 


Experiment 11. 

Cylinder L. Diameter 3-09 inches. 

Length 14 inches. 

In parts of an inch. 

("0-0243' 

0-0241 

Thicknesses measured < Q.Q^g ’■Minimum =0 

0-0241 

0-0352., 

Collapsing pressure =85 lbs. per square inch. 

Experiment 12. 

Cylinder M. Diameter 3-08 inches. 

Length 14 inches. 

In parts of an inch. 

"0-0320' 

0-0324 

Thicknesses measured v g^g >• Minimum =0 

0-0326 
[ 0*0322., 

Collapsing pressure =103 lbs. per square inch. 


Fig. n. 

rs f 


Fig. 12. 


Thicknesses measured 


Minimum =0*032 inch. 
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Minimum =0-042 inch. 


Experiment 13. 

Cylinder N". Diameter 3-25 inches. 

Length 14 inches. 

In parts of an inch. 

r0-0452^ 

0-0436 

0-0472 

Thicknesses measured <j 0-0422 Minimum =0-042 inch. 

0-0426 

0-0436 

.0-0452- 

Collapsing pressure =175 lbs. per square inch. 

Experiment 14. 

Cylinder 0. Diameter 4-05 inches. 

Length 7-0 inches. 

In parts of an inch. 

r0-0454-| 

0-0384 . 

0-0368 

Thicknesses measured < 0-0344 Minimum =0-034 inch. 

0-0348 

0-0392 

.0-0348- 

Collapsing pressure =202 lbs. per square inch. 

Experiment 15. 

Cylinder P. Diameter 4-05 inches. 

Length 7 inches. 

In parts of an inch. 

f 0-0502-} 

. 0-0464 : 

‘ ' ;V : '; . : ,0-0460 •/. ;; 


Fig. 13. 


Fig. 14. 


Fig. 15. 


=0:046 inch. 


■ ■ ; . .. o-o5io v : ' . 

'• 7 0-0408 ' : 1 

,, -0-0558J > 

Collapsing pressure =880 lbs. per square inch. 



OF GLASS, AND THE RESISTANCE OF GLASS VESSELS TO COLLAPSE. 237 


Thicknesses measured -s 


?Minimum =0-043 inch. 


Experiment 16. 

Cylinder Q. Diameter 4-06 inches. 

Length 13-8 inches. 
In parts of an inch. 

"0-0448' 

0-050 
0-0474 
0-0490 
0-0476 
0-0470 
0-053 
L0-0434J 

Collapsing pressure =180 lbs. per square inch. 

Experiment 17. 

Cylinder B.' Diameter 4-02 inches. 

Length 13-8 inches. 
In parts of an inch. 

'0-06781 
0-0664 
0-0728 
0-0718 
0-0660 
0-0644 
0-0706 
10*0682. 

Collapsing pressure =297 lbs. per square inch. 

Experiment 18. 

Cylmder 8. Diameter 3-98 inches. 

Length 14-0 inches. 
In parts of an inch. 
rO-0792- 
0-0774 
0-0762 
0-0812 
0-0828 
0-0848 [ 

0*0836 
0:0778, 

: o;-07,6.fl . 

“ 1^382 lbs, per square inch. 

2 K 


Thicknesses measured i 


r* Minimum =0-064 inch. 


Thicknesses measured < 



yMinimum =0-076 inch. 


Pig. 16. 



Fig. 17. 



Fig. 18. 



MDCCCLIX. 



238 ME. W. EAIBBAIBN AND ME. T. TATE ON THE MECHANICAL PEOPEETIES 


Experiment 19. 

T. Diameter 4-05 inches. 

Length 7-0 inches. 
In parts of an inch. 

■0-079' 

0-081 


Thicknesses measured < 


0-090 

0-086 

0-086 

0-079 

.0-086 J 


^Minimum =0-079 inch. 



This cylinder re maine d unbroken after sustaining a pressure of 500 lbs. per square inch. 


Thicknesses measured a 


Minimum =0-055 inch. 


Experiment 20*. 

V. Diameter 4-2 inches. 
Length 22 inches. 

In parts of an inch. 

0-063- 
0-056 
0-057 
0-055 
I 0-057 
0-055 
L0-056- 

Collapsed with 120 lbs. per square inch. 

Experiment 21 *. 

W. Diameter 4-1 inches. 
Length 21*5 inches. 

In parts of an inch. 

-0-0535- 
0-051 


Thicknesses measured *! 


>■ Minimum =0-051 inch. 


0-055 
0-062 
0-053 
| 0*060 | 

0-057 
| 0-0525 
-0-055 

•. ( Collapsed with 129 lbs. pressure per square inch. 
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Experiment 22 *. 

Cylinder X. Diameter 4-2 and 4-1 inches. 

Length. 22 inches. 

In parts of an inch. 

r0-0455' 

0-047 
0-047 
0-049 
0-047 

Thicknesses measured < > Minimum =0-04! 

0*052 

0-047 

0-049 

0-047 

0-054 

-0-046 J 

sing pressure =125 lbs. per square inch. 


► Minimum =0-0455 inch. 


Collapsing pressure 


Green Glass. 

Experiment 23. 

Globe Z. Diameters 5-0 and 5-02 inches. 

In parts of an inch. 

r0-015 -) 

0-013 

0-0125 

0-019 

Thicknesses measured < 0*016 >Minimum =0-0125 inch. 

0-018 
0-021 
0-0126 
■ 0-013 J 

Collapsed with 212 lbs. per square inch. 
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Table VI. — iSummary of the Results of Experiments upon the Resistance of 
Glass Globes to an External Pressure. 


Number of 
experi¬ 
ments. 

Description of glass. 

Diameters, in inches. 

Minimum 
thickness, 
in inches. 

i 

Collapsing pressure 
per square inch, 
in lbs. 

i. 

N f 

5-05 and 4-76 

0*014 

292 

II. ‘ 


5*08 and 4*7 

0*018 

410 

III. 


4*95 and 4*72 

0*022 

470 

IV. 


5*6 

0*020 

475 

v. 


8*22 and 7*45 

0*010 

35 

VL 

>Flint-glass ...< 

8-2 and 7** 

0*012 

42 

VII. 


8*2 and 7*4 

0*015 

60 

VIII. 


4*0 and 3*98 

0*024 

(900)* 

IX. 


4*0 

0*025 

(900)* 

X. 

\j 

6*0 

0*059 

(1000)* 

XXIII. 

Green glass. 

, 5*0 and 5*02 

0*0125 

212 


Table VII. — Summary of Results of Experiments on the Resistance of Glass Cylinders 

to an External Force. 


Number of 
experiment. 

Description of glass. 

Diameters, 
in inches. 

Length, in inches. 

Minimum 
thickness, 
in inches. 

XI. ■ 

j* 

3*09 

14*0 

0*024 

XII. 


3*08 

14*0 

0*032 

XIII. 


3*25 

14*0 

0*042 

XIV. 


4*05 

7*0 

0*034 

XV. 


4*05 

7*0 

0*046 

XVI. 

XVII. 

►Flint-glass ...< 

4*06 

4*02 

13*8 

13*8 

0*043 

0*064 

XVIII. 


3*98 

14*0 

0*076 

XIX. 


4*05 

7*0 

0*079 

XX. 


4*20 

22*0 

0*055 

XXI. 


4*10 

21*5 

0*051 

XXII. 


4-15 

22*0 

0*046 


Collating pres¬ 
sure per square 
inch, in lbs. 

I H5 

| 10.1 

175 
203 
380 
180 
297 
382 

I ( 600)1 

! 120 

129 
125 


# These globes remained unbroken. 


f Remained unbroken. 
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SiOTTOir V.—REDUCTION OF THE PRECEDING RESULTS. 


I. Generalization of the Results of Experiments on the Resistance of Glass Globes and 

Cylinders to External Pressure. 

Let us assume— 

P = the external pressure in pounds per square inch to produce rupture. 

D= the diameter of the globe or tube, as the case may be, in inches. 

Jc — the thickness of the glass in inches. 

p = the pressure P reduced to unity of thickness, viz. /£=• 01 inch. 

C, a, (3, constants to be determined from the data supplied by the experiments. 
Then for the globes we assume 



ao 


and for the cylinders 


P= 


C'A“ 

D*'L rf ’ 


( 2 -) 


where the exponent of the thickness is the same in both formulae. 

Hence we find for globes of the same diameter and also for cylinders of the same 
length and diameter,— 


logPt-logPa 
“—log A,—log 4 


(3.) 


Taking the results of Experiments I. and II., we find «=T35; from V. and VII. we 
find a=l-33; from XI. and XII. we find «=T28; from XVI. and XVII. we find 
a=T26; and from XV. and XIV. we find a=2. Hence we get for the mean value of «, 

«=i{l-35+l-3B+l-28+l-26+2}=l-4. 

Again, the following formula enables us to reduce the pressure P, of the cylinders as 
well as of the globes, to unity of thickness, 

logp=logP—alog(100&). . . ..(4.) 


MaVing these calculations, we obtain the following Tables of results: 


Table VIII.—Reduction of the Results of Experiments on the Resistance of Glass 

Globes to unity of thickness. 


Number of 
experiment. 

D. 

Diameter, 
in inches; 

k. 

Ttrickness, 
in inches. 

P. 

Collapsing pres¬ 
sure, in los. per 
square inch. 

P- 

P reduced 
to unity of 
thickness. 

* I. 

5*05 

•014 

29® 

178 

' n. 

5*08 

•018 

410 

168 

HI. 

4*96 


470: 

156’ 1 

IV. 

5-60 

, *080 . 

’ 475"',, 

180 

' V. 

8*«a' 

•010 

35 - 

36 

vi.; 




32-54 

' VIL -1 

v ,l1- ,/• *.■'< ,'J 

* - i - _Y. 

>"•. « ' 60 •' ‘ 

34*01 
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Table IX.—Reduction of the Results of Experiments on the Resistance of Class 

Cylinders to unity of thickness. 


Number of 
experiment. 

D. 

Diameter, 
in inches. 

L. 

Length, 
in inches. 

k. 

Thickness, 
in inches. 

P. 

Collapsing pres¬ 
sure, iu lbs. per 
square inch. 

P- 

P reduced 
to unity of 
thickness. 

XI. 

3*09 

14 

0-024 

85 

27*36 

XII. 

3-08 

14 

0-032 

103 

30*33 

XIII. 

3-25 

14 

0-042 

175 

33*47 

XIV. 

4*05 

7 

0*034 

202 

36-41 

XV. 

4-05 

7 

0-046 

380 

44-86 

XVI. 

4-06 

13*8 

0-043 

180 

23-36 

XVII. 

4*02 

33-8 

0-064 

297 

22-10 

XVIII. 

3-98 

34 

0*076 

382 

22-33 


Let D„ p x be put for the data derived from Experiment 1; I) 2 , p 2 for the data derived 
from Experiment 2, and so on; then we get from equation (1.), 

a logjPi+logffa+IogPfl— (log^s+logPfi-t-logp?) /k \ 

H-logD s +log D 6 +logD 7 — (log D,+log D s +log D 8 ).^' 


logffi-logff 7 
'log D 7 —log Dj 


^ log ga± lp s Ps ± Io S Pi - (jggjPs + Io £P n + m \ 

P logD 8 +log D e + logD 7 — (logD 2 +log D a +logD 4 ). ( ’’ 

From equation (5.) we find j3=3*43; from equation (6.) we find /3=3*25; and from 
equation (7.) we find (3=3-56; and the mean of these values gives 

|3=i(3-43+3-25+3-56)=3-4. 

For the value of the constant C, we find 

logC=^(logj?,+.+ log^)+|(logD, + .•••+ logD 7 )+2«, . . . (8.) 

whence we find 0=28,300,000. 

Substituting the values of a, (3, C thus obtained in the general formula (1.), we get 

P=28,300,000Xp£.. (9.) 

which is the general formula for .calculating the strength of flint-glass globes subjected 
to ^t^inal pre^ufe. Ia order to facilitate calculation, this formula may be written 

' . . . ( 10 .) 

Calculating the value, of :P t by this formula from the data of Experiment XXIII., 
viz., D=5 and^=’0i?^ v we.fiad;’ :; ; v 

; . . , log P=4*6518-f-i*4 log X;25^3-4 log5=log 258, 

that, is P=258 lbs. Now this wouldi be the crushing pressure supposing the globe to 
be ffiht^Iass; but the crushing pressure given' by the experiment.is 212 lbs.; hence it 
appears thatithe resistance of green glass to external pressure differs very little from that 

Tsble will show hoyr nearly fomnia (9.) represents the 
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Table X. —Results of Experiments on the Resistance of Glass Globes to External 

Pressure. 


Number of 
experi¬ 
ment. 

D. 

k. 

P 

by expe- 
ment. 

P 

by formula 
(9). 

Proportional 
error by 
formula. 

i. 

5-05 

•014 

292 

292 

0 

ii. 

5-08 

•018 

410 

408 

TITo 

in. 

4*95 

*022 

470 

580 


IV. 

5*6 

o 

G* 

O 

475 

340 

-i 

V. 

8*22 

•010 

35 

35 

0 

VI. 

8*2 

•012 

42 

44*8 

+ 20 

VII. 

8-2 

*015 

60 

61-3 

+ TT0 

VIII. 

4*0 

•024 

900* 

1370 

... 

IX. 

4*0 

•025 

900* 

1450 

... 

X. 

6*0 

•059 

1000* 

1218 

... 

XXIII. 

5-02 

•0125 

212f 

258 

H 


The le n g ths of the cylinders of Experiments XI., XII., and XIII. are the same, and 
their diam eters are nearly equal to one another. The same observation applies to the 
cylinders of Experiments XIV. and XV., and also to Experiments XVI. and XVII. In 
order, therefore, to reduce the pressures p to uniformity of diameter, we may assume, 

for such small differences, that D varies as i. These reductions being made, we may 

obtain the following Table:— 


Table XI.—Reduction of the Results of Experiments on Glass Cylinders 
to uniformity of Diameter, &c. 


Number of 
experiment. 

D. 

Diameter, 
in inches. 

L. 

Length, 
in inches. 

P- 

P reduced to unity 
of thickness. 

pVL. 

ii, 12 , 13. 

3 

14 

24-81 

1042 

14,15. 

4*05 

7 

40-63 

1151 

16,17. 

4*05 

13*8 

, 22-67 

1260 

18. 

3*98 

14 

22*38 

1240 


Mean value of p L 


Here the continued product of the pressure, diameter, and length is shown to be very 
nearly, a constant quantity, the thickness of the glass being the same, that is for #=’01. 


Hence we have 



jjDL 
, • 01 “ * 



( 11 .) 


Now the mean value of p D L is 117B, as shown in Table XX, and a—1*4, as deter- 

'* f;'- ' t Green glass. 
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mined by equation (3.); hence we find 

C=^i= 740,000. 

Substituting these values of the constants in equation (2.), we get 

P=740,000 .(12.) 

which is the general formula for calculating the strength of glass cylinders subjected to 
external pressure, within the limits indicated by the experiments, that is, provided their 
length is not less than twice their diameter, and not greater probably than six times 
their diameter. This law of strength is precisely similar to that found for shcct-ii'on 
tubes. 

For convenience of calculation, this formula may be written 

log P=3*06923+1’4 log (100 A)—log(DL).(13.) 

The following Table will show how nearly formula (12.) represents the results of the 
experiments on glass cylinders:— 


. * • ' Table XII .—Results of Experiments on the Resistance of Glass Cylinders 

to External Pressure. 


Number of 
experiment. 

D. 

L. 

k. 

P 

by experi¬ 
ment. 

P 

by formula. 

Proportional 
error by 
formula. 

XI. 

3*09 

mm 

•024 

85 

86 


XII. 

3*08 

1 

*032 

103 

138 

+* 

XIII. 

a*25 

mm 

*042 

175 

192 

+ 1 

XIV. 

4*0fi 


•034 

202 

227 

+TV 

XV. 

4*05 

7 

•046 

380 

351 

“tV 

XVI. 

4*06 

13*8 

•043 

180 

161 

-i 

XVII. 

4*02 

13*8 

•064 

297 

284 

— 2*ET 

XVIII. 

3*98 

14 

•076 

382 

361 

— A 

XIX. 

4*05 

7 

•079 

500 

.747 

Unbroken. 

XX. 

4* 

22 

•055 

120 

138 

4+ 

XXL 

4-1 

21*5 

•051 

129 

130 

+riv 

„ XXII. 

4*2 

22 

•0455 

125 

107 

-4 . 


and Sheet-iron CyUndm subjected to m External 



The formula of strength |br sheet-irqn cylinders, after reducing L to inches, is 

- F«806,$Q0xi2><g. . 

' fiw. * c^iindeBcs of the same diameter, lengthy and thickness, we find, by dividing 
: 'f ■' • P_*0764 ' 
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When Jc— ‘043, as in most of the experiments on iron, then fi —12 ’ *kat ^ case ’ 

the strengths of the two cylinders will be nearly equal to one another. 


II. Generalization of the Results of the Experiments on the Resistance of Glass Globes, 
Cylinders , and Ellipsoids to Internal Pressure. 


Let D = the diameter of the globe or cylinder, as the case may be. 

Jc = the thickness of the material in inches. 

d — the lo ng itudinal sectional area of the material in square inches; that is, in 
the direction of the line of rupture, or line of minimum strength. 

A = the longitudinal section in square inches. 

P = the bursting pressure in lbs. per square inch. 

T = the tenacity of the material in lbs. per square inch. 


Then we find 



(15.) 


T=^;.(16.) 

that is, ~ is a constant for vessels of the same material. This theoretical deduction is 
fully confirmed by the results of these experiments, as arranged in the following Table 


Table XIII.—Resistance of Glass Globes, Cylinders, and Ellipsoids to an Internal 

Pressure. 


No. of 
exper. 

Description of glass. 

D. 

k. 

P. 

Value of 

P~. 

a 

Utean value of 
p£. 


> Flint-glass . < 

J V, 

4 and 3*98 

4 and 3*98 

4 

4*5 and 4*55 

5*1 and 5*12 

6 

4*05 and 7 

■ 

■ 

■ 

Bil 

■ 

84 

93 

150 

280 

184 

152 

282 

H 

Wt r ! ■ 

aB » ! n 
IgK; 

rn^im 

mum 

|B|s n 


H Hi 

H 

4*95 and 5 

4*95 and 5 

4 and 4*05 

4 and 4*03 

B j i^H 

1' H 

1 

90 

85 

84 

82 

4040 

5280 

4690 

5150 

j. 4800 

12. 

13, 

.14* 

15* 

16. 

17. 

►Crown-glass. < 

-f . " ■ ■ ■ 

4*2 and 4*35 

4*2 and 4*05 

5-9 and 5*8 
, 6 and 6*3 t 

4*1 and 7 

4. and 7 

*025 

•081 

•0l6 

•020 

•016 

•019 

120 

126 

69 

86 

80 
: 109 

5120 

6190 

6300 

5290 

6360 

6900 

„ r 

> 6000 

J 


42'IT 
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Hence we have the tenacity of glass,— 

lbs. per sq. in. 

T=4200, for flint-glass, 

T= 4800, for green glass, 
an d T=6000, for crown-glass. 

The general equation (15.) then becomes— 

lbs. per sq. in. 

P=4200 x for flint-glass, 

P=4800x for green glass, 

P=6000Xj, for crown-glass. 

For globes of unif orm diameter and thickness these formulae become— 

lbs. per sq. in. 

P=16,800 X |j, for flint-glass, 
k 

P=19,200 X for green glass, 
k 

P=24,000Xq, for crown-glass. 


III. Generalization of the Results of Experiments on the Tensile and Compressive 

Resistances of Glass. 

Mean tenacity (T,) of glass in the form of bars 

s=J(2286-t-2540+2890-|-2540)=2560 lbs. per square inch; 

Mean tenacity (T v ) of glass in the form of thin plates 

=!(4200+4800+6000)==5000 lbs. per square inch; 

t; 5000 n , 

V; ' : - ; “ea* 1 * 

\ glass in the form of thin plates is about twice that of glass in the 


form 
Mean 


=K27582+318r6+BiOOS)=80,150 lbs.; per square inch; 

< ■'blilamate resistance of glass to a crushing force is about twelve times its 
, resistance to(extension. \ 
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IV. Resistance of Rectangular Glass Bars to a Transverse Strain. 

Let l — the length of the bar supported at the ends and loaded in the middle, 

W = breaking weight in lbs. 

K = area of the whole transverse section. 

D = the whole depth of the section. 

d, = the respective distances of the top and bottom edges from the neutral axis. 
T, = the tensile resistance of the material in lbs. per square inch. 

T a = the compressive resistance of the material in lbs. per square inch. 


Then we have “Tate’s strength of material ” equations (27.) and (6.)— 

,,, 4 Tj^K , T, d 

hence we get 

A T,.T a K.D ^K.D 

W =t-f^f a X—=C—,.(17.) 

where the constant 


256 ^ 5 - ° -=3140 nearly. 

Substituting this value of the constant, equation (16.) becomes 

K.D 


W=3140- : 


(18.) 


which expresses the transverse strength of a rectangular bar of glass supported at the 
ends and loaded in the middle. 


2;h:& 
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YTTT- On the Atomic Weight of Graphite. By B. C. Brodie, F.B.8., Professor of 
Chemistry in the University of Oxford, and President of the Chemical Society. 

Beceived May 12,—Bead May 12,1869. 


The term Graphite has been, indiscriminately applied to many varieties of native carbon 
of very diff erent properties. The graphite of New Brunswick differs but little in 
appearance from anthracite coal. The graphite of Greenland is not very dissimilar, but 
possesses rather more metallic lustre. However, among these varieties of carbon, two 
may be especially distinguished,—by a superior degree of metallic lustre, by their struc¬ 
ture, and other well-defined properties. In the following paper, the term Graphite is 
limited to these two varieties, which may be further distinguished as “ lamellar” and 
“ amorphous.” 

The lamellar graphite is found in great abundance in Ceylon, whence large quantities 
are annuall y imported into this country. It appears in commerce in masses, some¬ 
times of the weight of many pounds, of a brilliant metallic lustre, and possessing a 
distinct fibrous structure. It is very difficult by mechanical processes to bring this gra¬ 
phite to a fine state of division; however, by a prolonged grinding in water, it may be 
reduced to minute flat plates. This graphite is associated with quartz. A deposit of 
the same variety of graphite has recently been discovered at Travancore. The graphite 
from Travancore has no fibrous structure, but is in the form of slightly coherent, minute 


plates. Specimens of a simil ar graphite have also been given to me, from Moreton Bay 
in Australia, in a matrix of quartz, and from Ticonderoga, in the State of New York, 
associated with olivine and sphene, When cast iron is dissolved in acid, a residue is 
left of about 4 per cent, of carbon in the form of graphite. This graphite also consists 
of. minu te brilliant plates, and is perfectly similar in its appearance and properties to 
the lamellar variety of native carbon. Amorphous graphite is found in Borrowdale in 
Cumberland, and is also largely imported into ibis country from Germany, probably 
from Griesbach near Passau, but I am unable to speak with certainty as to the locality 


whence it comes. It appears as a powder of a silvery grey colour, soft to the touch, and 
which rubbed on paper gives a brilliant metallic streak. This graphite is much softer 
than the, other variety, and therefore better adapted for the manufacture of pencils. , 

The, graphite used in my experiments was in all cases carefully purified by boding 
with amds; and by fusion with hydrate of potash in a silver crucible j unless otherwise 
mentioned, it r ls to be understood to be the variety from Ceylon. The graphite thus pre¬ 
pared leaves and. gave of carbon. Its 

specificgravity w^ : ^lseftjdneid;in ;,ttro{det^cmipa^Q^i is ^5,^;d:,2'26. 

The 'o^«beeartl&ixu« the weight 


^^ of ascertaining the weight 
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with which carbon in the form of graphite enters into combination. With this end I 


examined its reactions. _ , 

The first experiment in which I succeeded in eliciting a difference in the chemical 

reactions of the different forms of carbon, was, in the case of the action upon them, of 
a mix ture of concentrated nitric and sulphuric acids. When finely-divided carbon, in the 
form of lampblack, or charcoal from the decomposition of sugar, is heated with a mix¬ 
ture of 1 of nitric and 4 of sulphuric acids, the carbon is rapidly oxidized, and a black 
substance is formed, soluble in the concentrated acid, but precipitated on the addition of 
water. This substance is insoluble in acids and saline solutions, but is soluble in pure 
water and in alkalies. It is accompanied with other products which render its purifi¬ 
cation diffi cult. When the graphite of Ceylon is treated in a similar manner, the result 
is very different*: the graphite becomes of a beautiful purple colour, and falls to pieces 
in the fluid. The substance, after the acid has been washed from it by water, has much 
the appearance of the graphite itself, but is darker in colour. It was found on analysis 
to con tain the elements of sulphuric acid combined with oxygen, with hydrogen, and 
with a large amount of carbon. My efforts to procure this substance of a constant com¬ 
position have been unavailing; it ia insoluble in all reagents; it may be boiled with a 
strong solution of potash, without separation of sulphuric acid, and with slight, if any, 
alteration of weight; when heated it undergoes a remarkable change; gases are given off 
in the interior of the substance, which swells up in a most singular manner and is reduced 


to the minutest state of division. The residue consists of carbon, which has the appear¬ 
ance and the structure of the lamellar graphite. A similar oxidation takes place when 
the nitric acid in the above experiment is replaced by other oxidizing agents, such as 
bichromate of potash and chlorate of potash. These experiments established one point 
of importance, the existence of a peculiar compound of carbon in the form of graphite. 
The discovery of this substance led me to turn my attention to the oxidation of graphite. 
I found that graphite, when heated with a mixture of nitric acid and chlorate of potash, 
increased in. weight, and that the substance formed was, on the application of heat, dis¬ 


integrated with evolution of gas. The disintegrated substance differed but little in 
' appearance, from the. original graphite The analysis of the body resulting from different 
^pratioiw, and with a difference in the time of oxidation, gave no constant result. 

to further experiments. I found that when the substance formed 
’mixture was washed free from the 
salts again- oxidized, it gradually under¬ 
went a ( the-for^ pf the process, 

the whole, of a substance of a light yellow colour, con¬ 
sisting of minute transparent ‘ showed that this change 

rJy^i, ati»n4ed with a gradual ^pmB^taa^aoaa- of the' substance, but that, 

{ arrived; when treatments withthe oxidizing mixture produced no farther 
l re hmrkable 1 that'this result cannpt be'produced''by;one prolonged treat* 


^s|dation cau proceed, the; original cpnditipns hwt he.restatpd.' 
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The details of this process are as follows:—A portion of graphite is intimately mixed 
with three times its weight of chlorate of potash, and the mixture placed in a retort. A 
sufficient quantity of the strongest fuming nitric acid is added, to render the whole fluid. 
The retort is placed in a water-bath, and kept for three or four days at a temperature 
of 60° 0. until yellow vapours cease to be evolved. The substance is then thrown into 
a large quantity of water, and washed by decantation nearly free from acid and salts. 
It is dried in a water-bath, and the oxidizing operation repeated with the same pro¬ 
portion of nitric acid and of chlorate of potash until no farther change is observed: 
this is usually after the fourth time of oxidation. The substance is ultimately dried, 
first m vacuo, and then at 100° C. A modification of the process which may be advan¬ 
tageously adopted, consists in placing the substance with the oxidizing mixture in flasks 
exposed to sunlight. Under these circumstances the change takes place more rapidly, 
and without the application of heat. 

These crystals, when examined with the microscope, are perfectly transparent, and 
exhibit beautiful colours by the agency of polarized light. Professor Milleb of Cam¬ 
bridge, who was good enough to examin e them, has communicated to me the following 
observations:—“ The crystals, though not absolutely too small to be measured, are too 
thin and too imperfect to admit of measurement with the reflective goniometer. I have 
examined them under a microscope, for the purpose, if possible, of making out at least 
the system of crystallization to which they belong. Their system appears to be either 
the prismatic or the oblique,—most likely the former*. Sometimes the crystals appear 
broken, as in the annexed figure. The straight¬ 
ness of the fractured edges (in the direction 
EF) evidently indicated the existence of a ^ 
cleavage in that direction. The crystals are so 
extremely thin in a direction perpendicular to 
the paper on which the above figure is traced, H ° 

that it is impossible to obtain any reflexion, 
except from the feces parallel to the plane of the paper.” 

The crystals, on the application of heat, are decomposed with ignition. Gases are 
evolved, and a black residue is left of a substance resembling in appearance finely 
divided carbon. 

I have not discovered any reagent by which these crystals may be dissolved, and they 
admit of no process of purification. The explosion which the crystals undergo on the 
application, of heat render special methods of analysis necessary, and I have taken, With 
regard to the. analysis, every precaution which suggested itself. Neither chlorine nor 
mfrogeneonld be detected. „ 

%ipi.e ,:s4l«^we.:wa» placed is a platinum boat is a porcelain tube and burnt in a 



lacfeby M&A. 30tl^ 


By mea ns of the microscopic have subsequently been 

Mfeyfo have vife : «»4ai&£ty fett fee crystals belong 
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current of oxygen, the gases evolved being passed over heated oxide of copper. At the 
extremity of the tube, where the oxygen entered, was placed a stopper of asbestos, and a 
second stopper between the substance and the oxide of copper. The ordinary potash- 
bulbs were replaced by two tubes filled with pumice moistened with concentrated solu¬ 
tion of potash. 

In order to ascer tain in the most rigorous manner the point at which the constitution 
of the compound became fixed, it was analysed after each successive oxidation. It will 
be seen tha t the analyses became constant upon the fourth treatment; after which, the 
most prolonged action of the oxidizing mixture produced no further change. 

The following are the results per cent, of the analyses of the same preparation of 
graphite, treated in the first instance once, in the second, twice, with the oxidizing 
mixture:— j 21 

Carbon . . . 69-67 67'79 

Hydrogen. . . T48 I'" 84 

Oxygen . . . 28-85 30*37 

100-00 100-00 

The following are the results of analysis after the constitution of the body may be 
regarded as fixed. Analyses 1 and 2 are of a substance prepared by four treatments; 
analyses 3 and 4, of a substance prepared by five treatments; analysis 6, of a substance 
prepared by six treatments; analyses 6 and 7, of a substance prepared by seven treat¬ 
ments; analysis,8.is of a substance dried in vacuo, the previous preparations having been 
dried at 100°; analysis 9 is a preparation from the amorphous graphite of Cumberland, 
the previous preparations having been from the graphite of Ceylon. I have also prepared 
the. same compound from tfie graphite of cast iron. 


Substance taken. Carbonic acid formed. Water formed. 

1 . 0-23375 0-52025 0-02925 

2. 0-233 0-61875 0-03775 

3. 0-24475 0-545 0*04176 

4. 0-27275 - 0-609 0-0465 

5. 0-209 0-46 0-036 


U 0*25275 

■/ • "i‘ 

Osborn/ 60’70 60*74 fiOtll 

Hydye n 1*37 1*80 . l*8f 


0-5635 

0-5325 

.0-56875 

0-48 






1*89 


0-042 
0-04026 
0-0435 . 
0-0355 

sage composition 

'*■ ,6."'* 7. 

- 60*94 ,i 




8 . 

60*71 

1*89 

87*40 


8 . 

60*69 

1*75 

87-56 


100:00 „ 1^-06 400 * 66 ^ 


M-oq^toqoo 
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The mean of these analyses (omitting the hydrogen of the first analysis, which is 
evidently faulty) is— 


Carbon . 
Hydrogen 
Oxygen. 


60-74 

1-85 

37-41 

100-00 


A correction has yet to be made in these numbers. The graphite, from which the 
substance is prepared leaves on combustion a slight ash, and during the prolonged 
treatment of the substance a further portion of incombustible matter is introduced, pro¬ 
bably from the glass of the vessels in which the operations were conducted, which, as I 
have ascertained, may be estimated at 0-5 per cent. When this correction is made, we 
have for the per-centage constitution of the substance— 

Carbon . . . 61-04 

Hydrogen . . 1-85 

Oxygen. . . 37-11 

100-00 

The formula C u H, O s corresponds to this result. It requires— 

C„. . . 132 61-11 

H,. . . 4 1-85 

O s . . . _80 37-04 

216 100-00 

This substance has the following properties. It is insoluble in water containing acids 
or salts, but is very slightly soluble in pure water. The crystals, placed upon litmus, 
paper, have a feeble acid reaction. It combines with alkalies. When agitated with 
dilute ammonia, it is converted into a transparent jelly, but is not dissolved. On the 
fr flriittnn of adds it is separated unaltered from this combination in the form of a gela¬ 
tinous mass resembling silica, which, dried under the air-pump, appears as a slightly 
yellow and spongy body of the same weight as the substance originally treated -with 
ammonia. The crystals treated with deoxidizing agents are readily decomposed. When 
a solution of sulphide of ammonium or of potassium is poured upon the dry substance, 
a crackling sound is heard, and a body is ultimately formed possessing the metallic 
lustre and -general appearance of graphite itself Changes similar in appearance take 
place on boiling the substance with an acid solution of protochloride of copper and. of 
protochloride of tin. The substances formed in these processes admit of no process of 
purification, and I have not been able to procure them in a state of purity. , _ 

- *' bp^ belo ngs ' v&i *y distinctly to the class of acids, but from.; the insolubility of its 

.Iritfr'wldeh they are decomposed, I have not,been able..to procure 
determinations, however, indica*e ? &^ ,bdbibasid A por- 


earbdnic add, gave‘a-substance 


theta* 

100% gave^'-.bMB^ 
suspended in ‘water| ^ 

MBCCCUX. 
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which, dried at 100°, contained 13-30 per cent, of barium. The formula C\, 11, 1UO, 
lequiies 24-13 per cent, of barium. The formula C« Il 7 BaO I0 requires 13-73 pm cent, 
of barium. These substances are excessively hygroscopic, and when heated, explode 
with yet greater violence than the original body. The compound itself may be termed 
giaphic acid. 

The residue which is left upon the decomposition by heat of graphic acid, although 
resembling carbon in appearance, is not that element, but < outains a considerable amount 
of oxygen. I made many experiments with a view of procuring this substance- rn a 
pure state,—both by decomposing the compound, alone, irr an atmosphere of nitrogen, 
and by decomposing it mixed with a large quantity of chloride oi sodium, with the- vrew 
of moderating the violence of the decompositron, and causing it to take place at the lowest 
possible temperature. My endeavours were unsuccessful, until it occurred to me to effect 
the decomposition in a fluid medium, by which the particles of the substance would be 
separated from one another and elevation of temperature precluded. The fluid which 
I selected for the experiment was the mixture of hydrocarbons of high boiling-points 
horn the Rangoon naphtha It was purified by rectification os or sodium, arrd boiled at 
about 270° C. When graphic acid is heated in this fluid, a considerable quantity of 
water is formed, which distils over between 100° and 200°, and which is accompanied at 
first by a slight, and ultimately by a brisk evolution of gas. This gas was in one expel i- 
ment collected and examined: it consisted solely of carbonic acid. But water and 
carbonic add are not the exclusive products of this reaction. The hydioeaibon becomes 
of a deep red colour, and when filtered and distilled, leaves a black carbonaceous residue. 
I have found no means of separating the body formed from the naphtha irr which it is 
dissolved. 

In the following experiments the substance was heated in the naphtha for- three or 
four hours, at about 250° C., until all perceptible evolution of gas had ceased. The 
graphic acid employed was weighed, and also the residue of its decomposition. The 
residue was collected on a weighed filter, washed out with ether and with alcohol, and 
dried at 100°. 

Expt. I. 1-024 grm. of graphic acid gave 0-084 grm. of residue. 

Expt. H. 1*0854 grm. of graphic acid gave 0-7248 grm. of residue. 

Expt. UX 2*1805 grms. of graphic acid gave 1-4007 grm. of residue. 

This corresponds to a loss on 100 parts of the substance taken—in Experiment I. of 
66-78, in Experiment IX. of 66*77, in Experiment III. of 66-98 parts. 

These substances, burned in a current of oxygen, gave the following results. In these 
and all following analyses the residual ash was weighed, and its amount deducted from 
the substance taken. 


1, Expt. I. 

Substance taken. 

, . . 0-311 

Carbonic add formed. 
0*9147 

"Water formed. 

0*0148 

%, Expt. II. 

. . . 0-4237 

1*2372 

0-022 

3, Expt. III. 

. . . 0-3573 

1-0404 

0*0178 

4 The same 

. 0*3391 

0-9857 

0*0186 
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These results correspond 

to the following per-centage 

composition:— 



l. 

2 . 

3. 

4 

Carbon .... 

. 80-19 

79-64 

79-40 

79-27 

Hydrogen . . . 

0-52 • 

0-57 

0-55 

0-60 

Oxygen .... 

. 19-29 

19*79 

20-05 

20-13 


100-00 

100-00 

100-00 

100-00 


When this substance was carefully examined under the microscope, traces of trans¬ 
parent crystals could still be perceived, similar in appearance to the original substance. 
To preclude the possibility of an error from the imperfect decomposition of the substance, 
the following experiments were made, in which the substance was submitted in the 
naphtha to a prolonged action of heat, for fourteen hours. 

Expt. IV. 3-9185 grms. of substance gave 2-577 grms. of residue. 

Expt. V. 17-175 grms. of substance gave 11-2965 grms. of residue. 

In Exp er iment IV. the temperature was raised to 240° C., in Experiment V. to 220° C. 
These results correspond to a loss on 100 parts of the substance—in Experiment IV. of 
65-76, in Experiment V. of 65-77 parts. 

The analyses of these substances gave the following result:— 

Substance taken. Carbonic acid formed. Water formed. 


1. Expt. IV. . . . 0-377 1-1126 0-0210 

2. The same . . . 0-4766 1-4068 0-0255 

3. Expt. V. . . . 0-3835 1-1327 0-022 

These analyses give the following per-centage composition of the substance:— 

1 . 2 . 3 . 

- Carbon . . ... • 80-48 80*50 80-56 

Hydrogen .... 0-62 0-59 0-63 

Oxygen.18-90 18*91 18*81 

100-00 100-00 - 100-00 


In this substance, placed under the microscope, no traces of the transparent plates of 
the Original body could any longer be perceived. The result, therefore, of he#ing the 
substance for the ten additional hours had been to increase the per-centage of .carbon in 
the residue from about 0-5 to 1 per cent. It is evident that the decomposition-is arrested 
at about this point; and if we take the mean, as may reasonably be done, of three 
■ analyses of the first and . the three of the second series of experiments, as representing the 
of the body, we haye the following as its per-centage com^sifeipn:—•« 
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This corresponds to the formula C,* H s 0 4 , which has the following composition: 


C n . . 264 80-00 

H, . . 2 0-60 

0 4 . . 64 19-40 

880 100-00 


There is every reason to believe that, although the decomposition is difficult to regulate, 
tbis came body is formed by the simple application of heat to the substance without the 
-intervention of the naphtha. The result of one experiment, in which the graphic acid 
had been carefully heated in an air-bath to 280° until it ceased to lose weight, gave to 
analysis—carbon 80-36, hydrogen 0-71. In other experiments numbers approximating 
to these were obtained. 

"We have not the data to determine with certainty the precise mode of the formation 
of this body. The simplest hypothesis which coincides with the ascertained facts, is 
that 7 equivalents of the graphic acid give by their decomposition 6 of the new body. 
We have 7(C„ H 4 O s )=1512 and 8(C„ H s O 4 )=990 and 1512:990:: 100:65-48, 65-48 
being the amount of residue found. 

On this view it would be possible to form the new substance by the elimination of 
water, carbonic acid, and carbonic oxide from the original body, according to the equation 

7(C U H 4 0,)=3(C m H 2 0 4 )+6H s O 4-6 CO s 4-5 CO. 


The slight excess of carbon in the last series of analyses indicates the presence of some 
compound containing a higher per-centage of carbon. It will be rendered evident, by 
the following experiments, that we have only to heat this substance under slightly 
different circumstances to determine a further decomposition. Portions of the sub¬ 
stances last analysed were placed in a platinum boat in a glass tube, through which 
was passed a current of nitrogen, and which was heated in an air-bath to a temperature 
of 250°, The substance was weighed before and after the experiment. 

Expt. 1. -9087 grm. of the substance resulting from Expt, IV, gave a residue of 
0-883 grm. . 

Expt; 2,' 0-9209 grm. of the substance resulting from Expt. V. gave a residue of 


fo ja residue on 100 parts of the substance taken—in Expt. 1 pf 




the process, which was collected in | 
?d, in the two experiments, to 2-26 


Water fcr,'j 

and 2*30 per cent. I the< 

carhonicjoxide, amount- 
; The abtion is perfectly definite, 
qt was continued until the mbstafrce ceased-to fose weight j in, the last two: 


'■horn* 


l^ght was hot above l mffltigrjamme.. : ;; 
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The following are the results of the analysis of the bodies:— 



Substance taken. Carbonic acid formed. 

Water formed. 

1. Expt. I. . 

. . . 0-367 


1-1051 

0-0163 

2. The same 

. . . 0-3783 


1-1366 

0-0139 

3. Expt. II. 

. . . 0-3979 


1-1938 

0-0158 

4. The same 

. . . 0-3927 


1-1724 

0-0155 

These numbers give the following per-centage composition:— 



1. 

2 . 

3. 

4. 

Carbon . . 

. 82-12 

81-95 

81-SO 

81-41 

Hydrogen 

0-49 

0-41 

0-44 

0-43 

Oxygen . . 

. 17-39 

17-64 

17-76 

18-16 


100-00 

100-00 

100-00 

100-00 


The substance derived from the preceding body, by the elimination of 1 atom of 
water from 3 atoms of the substance, would have the formula C 6S H 4 O u . 3(0^ H 2 OJ 
=C 86 H 4 0 4 +H 2 0.' 

The calculated composition of this body is as follows:— 


C« • 

. 792 

81-48 

h 4 . 

4 

0-41 

o„. 

. 176 

18-11 


972 

100-00 


Every 100 parts of the substance taken would leave a residue of 9818 parts, and the 
water formed would amount to 1*80 part. The amount of carbonic oxide formed in 
the preceding experiments is so small, that it can hardly be regarded as an integral part 
of the decomposition; and if this amount be added to the residue, we arrive at precisely 
the theoretical numbers. 

By a greater elevation of temperature the substance undergoes further change, with 
the loss of carbonic acid and carbonic oxide. But it may be exposed to a red heat for 
several hours in a current of nitrogen and only undergo a very partial decomposition, the 
residual substance containing a considerable portion both of hydrogen and oxygen. 

Bum and WQ hler, in their researches “ On the Graphitoidal Form of Silicon*,” dis¬ 
covered a r emarkab le series of compounds derived from it. When hydrochloric acid gas 
is led over this form of silicon at a low red heat, a volatile liquid is formed containing 
chlorine, and hydrogen, to which they assign the formula Si* H* G*. With 
hydtiodic acid gas. a similar reaction takes place, with the formation of the corre¬ 
sponding compound SL, H 2 1 8 . In water, these substances decompose with the produc¬ 
tion of a catngound .of silicon, hydrogen, and oxygen, of the formula Si 4 B 4 O s . The 
analyses are, neither so concordant nor so exact as might be desired; but 

tbft .fniThuiffi ajfe-As'i-id from the consideration of a system oT decompositions, which 
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hardly leases room for any other hypothecs. The general properties of the substuiu o 
Si 4 H 4 O m correspond very closely with those of the graphite compound as separated from 
its combinations by an acid. It is described as a white and voluminous bod}, which 
floats upon water, in which it is very slightly soluble. Heated to a temperature of nbov e 
300°, it is decomposed with ignition and evolution of hydrogen. The ratio of the number 
of equivalents of hydrogen to those of oxygen is as 4 to 5. It is formed exolush ely from 
graphitoidal silicon, as the graphite compound from graphitoidal carbon. From these 
considerations we may infer that the graphite compound is the same term in the sj stein 
of carbon as the silicon compound in the system of silicon. When we proceed to state 
this analogy in the formula of the substance, wo are led to ver) remarkable con¬ 
clusions. 

The total weight of graphite, which in this compound is combined with the 4 atoms 
of hydrogen and the 5 of oxygen, is 132. If we assume that this weight is, like the corre¬ 
sponding weight, 84 of silicon, to bo divided into 4 parts, we arrive at the number 33 as 
the atomic weight of graphite. Representing this weight by the letters Gr, the foimuhe 
of the substances C n H 4 0 5 and C w H s 0 4 , and H 4 O u , become 

Gr 4 H 4 0, 

Gr 8 H 2 O t 
Gr a4 IIj O n . 

We are acquainted with a property of graphite by which this theory may In- tested. 

According to the law of Dulong and Petit, which has bceu confirmed by the exact 
researches of Regnault, the specific heats of the elemental bodies vary inversely with 
their atomic weights. With the atomic weights of tho elemental bodies ah gcnerall} 
received, the elements are divided into two classes, the one in which the product of the 
specific heat into the atomic weight is approximately 3 - 3, the other in which this pro¬ 
duct is approximately 6-6. This law expresses the only common physical property by 
which these weights are characterized. To this law, however, there is one remarkable 
exception, namely, the specific heat of carbon in its various forma The following are 
the specific heats of carbon as determined by Regkault :— 


Specific lwats. 

Diamond.0*14687 

Native graphite.0*20187 

Graphite from the blast furnace . . 0*19702 

Carbon from gas retorts. 0*2036 

Carbon from anthracite.0*201 

Wood charcoal ........ 0*2415 

Animal charcoal. 0*26085 


la no single case, whether the atomic weight of carbon be assumed as 6 or as 12, 
does cMfbon conform to the law. The product of the specific heat of graphite into the 
atomic weight is with the weight 6, 1*2, with the weight 12, 2*4. If, however, we 
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assume the atomic weight of graphite as 33, we have for the product of the specific 
heat into the atomic weight the number 6*6, which is according to the law ; this product 
being the same as the product of the specific heats into the atomic weights of the 
elements phosphorus, antimony, arsenic, bismuth, and iodine. 

This form of carbon should be characterized by a name marking it as a distinct 
element. I propose to term it Graphon. 

In the form ulae assig ned by Buff and WOhler to the compounds of silicon, the 
atomic weight has been assumed as 21. If the atomic weight of silicon be assumed as 
28, these relations no longer appear; the atomic weight of graphite must be assumed as 
44 , and the product of the specific heat into the atomic weight would be 8*8. We me 
thus enabled to decide upon the atomic weight of the graphitoidal silicon. It is greatly 
to be regretted that those chemists who have had a sufficient quantity of this substance 
in their possession have omitted to determine its specific heat. There is much reason 
to believe that in its other forms silicon, like carbon, has a distinct atomic weight. The 
vapour-density of the chloride of silicon leads us to the weight 28 ; and it is worthy of 
remark, that the atomic weight 44, which in the system of caxbon corresponds to the 
weight 28 of silicon, would, assumed as the atomic weight of diamond, render its specific 
heat conformable to the law, since 44 x *147=6*46. The relation is also singular which 
exists between the atomic weight of graphon and the atomic weights of the elements 
boron, silicon, and zircon, it being precisely the kind of numerical relation which exists 
between the weights of analogous elements. 

Boron.11 

Silicon.21 

Graphon.33 

Zircon.66 

The weight 21 of silicon must be considered as still open to correction. The results 
arrived at by Deville *, from the oxidation of graphitoidal silicon, indicate a higher 

number. , 

F inally , these considerations lead us to the remarkable inference that carbon in the 
form of graphite' functions as a distinct element; that it forms a distinct system of com¬ 
binations, into which it enters with a distinct atomic weight, the weight 33. Analogy 
would lead us to a similar conclusion with regard to the elements boron and silicon. 
How far this inference is to be extended to the allotropic forms of other elements expe¬ 
riment alone can decide. 

* Dsraia obtained from 100 parts, 205-3 of silica. Calculated from these numbers, the atomic weightof 
‘ silicon would be 22% approximating to the former atomic weight of Bbbzbhvs, 22*5. Theaubject requires 
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XIV. On the Physical Phenomena of Glaciers. —Part I. Observations on the Mer de Glace. 
By John Tyndall, F.B.S., Membre de la Societe Hollandaise des Sciences; la So<MU 
de Physique et d’Eistoire Naturelle de Gemve; la SocittS Philomathique de Paris; 
Mitglied der Naturforschenden Gesellschaft , Zurich, der Gesellschaft zur Beforderung 
der Gesammt-Naturwissenschaften, Marburg, der JL. Leop. AJcad. der Naturforsche)', 
Breslau, and Professor of Natural Philosophy at the Boyal Institution. 

Beceived May 20,—Bead May 20,1858. 


§ 1 . 

The Philosophical Transactions for 1857 contain a paper by Mr. Huxley and myself 
upon the Structure and Motion of Glaciers. The observations on which that paper was 
fo und ed extended over a very brief period, and hence arose the desire, on my part, to 
make a second expedition to the Alps, in which I regret to say my friend was unable 
fully to join. The phenomena of the Mer de Glace being those on which the most 
im por tan t theoretic views of the constitution and motion of glaciers are based, I wished 
especially to make myself acquainted by personal observation with these phenomena. 
Six weeks of the summer of 1857 were accordingly devoted to the examination of this 
glacier. For the purpose of observing its motion, bearings and inclinations, and also of 
determining its width at various points, I took with me an excellent 5-inch theodolite, 
and a surveyor’s chain; for both of which I am indebted to the kindness of the Director- 
General of the Geological Survey, and to Professor Ramsay. I propose to divide the 
investigation into two parts, the first of which forms the subject of the following paper, 
while the second will be the subject of a future communication. It gives me great 
pleasure here to record my grateful sense of the able and unremitting assistance rendered 
me thr oughout the entire period of the observations, by my friend Mr, T. A. Hirst, 
whose name indeed, had he permitted it, I should gladly have seen associated with my 
own at the head of this paper. 

§ 2. On the Motion of the Mer de Glace. 

. Our first observation of the motion of the Mer de Glace was made oh the 14th of 
July. On the steep ter mina l incline of the Glacier de Bois we singled out a tall pinnacle 
of ice, the front edge of which was perfectly vertical. In coincidence with this, edge I 
fixed the vertical wire of our theodolite, and after three hours found that the ice cliff 
had moved downwards, the cross hairs being now projected against the free of the cliff 
several inches above its edge. 

Our first line across the glacier was set out upon the 17th of July. The mode or 
proceeding in all such cases whs thisthe theodolite was placed beside the glacier, quite 
; MDCCCLIX. . ‘2 N ■ 
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No. of state. 
West 1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 
11 . 
12 . 

13 . 

14 . 

15 . 

16 . 


Second Line (BB , ).~-Mean Daily Motion. 


Motion in inebos. 

. . 7* 

. . lOf 
. . 12 * 

• • 14* 

■ • 14* 

. . 16 
. • 16f 
. . 17* 

. . 19 
. . 19* 

. . 19* 

. . 21 
. . 21 
. . 21 
. . 22 * 

. . 22 * 


No. of slake. 

17 . . 

Motion m mdn 
22* 

. . . 

18 . . 

. . . 21 

19 . . 

. . . 22* 

20 . . 

. . . 20* 

21 . . 

... X 

22 . . 

... X 

23 . . 

... 24* 

24 . . 

... X 

25 . . 

. . . 21« 

2G . . 

... X 

27 . . 

... X 

28 . . 

. . . 22.1 

29 . . 

... 22? 

30 . . 

. . . 25J 

East 31 . . 

. . . 25!? 


The stakes marked thus x were fixed by the eye, their positions being such that they 
could not be seen by the theodolite. Some of them were placed in deep glacial hollows, 
where, without an instrument, it was difficult to keep them in the same vertical plane. 
The slight uncertainty thus arising induced me finally to reject them. The gradual 
augmentation of velocity from the side towards the centre is very manifest; but it will 
be observed that stake 31, which stood upon the Talefre side of the glacier, moved 
quickest of all. The difference in favour of the latter side is, however, much less than 
it was lower down. 

The reason why in the two cases just considered the terminal slake towards the eastern 
side of the glader shows no retardation, is, that the state of the ice, and the position of 
the theodolite, were not such as to enable us to continue the line of stakes completely 
across the glacier to the eastern side, and hence the observations could not show the re¬ 
tarding influence of that side. In setting out the third line CC, therefore, Mr. Hirst 
took up a position on the Chapeau side of the valley, from which the vision across the 
glacier was quite uninterrupted by ridges or other obstacles, while tiro crevasses were 
not impracticable. One of the fixed termini of this line was the comer of a window 
of the Montanvert Hotel There were twelve stakes planted along the lino, and the 
motion of these during twenty-four hours, from the 20th to the 21st of July, was as 
follows:-— 
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Third Line (CC).—Mean Daily Motion. 

East. West - 

No. of stakes. 1 2 ,3 4 5 6 7 8 9 10 11 12 

Motion.... 19* 22f 28f 30* 33f 28* 24* 25 25 18 x 8* 

Stake No. 1 was fixed in the ice, close to the eastern side of the glacier, and the 
retarding influence of this side is quite manifest from the measurements. A glance, 
however, reve al s a fact confirmative of the former measurements j the daily motion of 
the extreme eastern stake is 14* inches behind the maximum, while the motion of the 
extreme western stake is 25* inches behind it. The stake No. 5, which moved at the 
maximum rate, was also much nearer to the eastern than to the western side of the ice- 
stream ; the observation therefore corroborates those already made as regards the position 
of the point of maximum motion. 

How then is the fact to be accounted for, that the point of max im u m motion of the 
Mer de Glace is thus thrown towards its eastern boundary 1 Reflection suggested to me 
that the effect might be due to the curvature of the valley through which the Mer de 
Glace moves. At the place where the foregoing observations were made the glacier 
bends, turning its concave side to the Montanvert, and its convexity towards the Cha¬ 
peau. M. Rendu insists on the complete analogy of the phenomena of a river and those 
of a glacier; and the idea has been to a great extent corroborated by the measurements 
of Professor Fokbes and M. Agassiz ; but let us make a bolder application of the ana¬ 
logy than any of them contemplated, confining our view to the influence of curvature 
merely. The point of maximum motion of a river moving through a channel similar 
to that occupied by the Mer de Glace, would lie on that side of the centre of the channel 
towards which the river turns its convex curvature. Can this be the case with the ice ? 
If so, the place of mnxTTrmTn motion ought to be different where the glacier bends in the 
opposite direction. Fortunately the Mer de Glace itself enables us to bring this idea to 

a,test _ . . , . , . : 

TTighftr up the valley, and opposite to the passages called “ Les Ponts,” such a band 
occurs. Here the convexity is turned towards, the Montanyert o? ufestern .side of the 
valley. A line was set out across this portion of the glacier on the 25 th of July, and 
its, measurement upon the 26th gave the following results:— 


Fourth Line (DD')-—Mean Daily Motion. 

, - v - West.. 

No. of States. I 2 3 .4 .5, 6 9 10 - 11 ■ 12 18 14 • 15 16 • ,17 

Motion.. 6* 8.12*15* IS* 18| 19* 21 20* 23* 23* 21; 22*T7*:15 

V jAffer ihe setting, out of this line, its length was measured by Mr. Hies$; 'and found 

., r,-‘ ,*«*.*.■ J* S+ m , n j. _ nn Q(**> .1 _ 

to bfe 
as,1 



Forthe 1 ; 
next page. ; 


measurement faces; the 
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Tlic stakes along the line arc marked thus, 0. The fixing of thorn commenced at 
the Echellets or eastern side of tire -valley, and they were numbered from this side: the 
measurement, on the contrary, commenced at the “ Pont.” lienee it is that the 17th 
stake was the first encountered in the measurement. This stake stood at a distance of 
320 links, or nearly 72 yards from the edge of the glacier. Stake No. 1 at the other 
end of the line stood close beside the lateral moraine at the eastern side of the glacier. 

Referring to the notes, it will be seen that the place ot maximum movement occurs 
between the stakes 12 and 13, the former at a distance of 1544 links, and the latter at a 
distance of 1260 links from the western side of the glacier. The mean of these is 1307 
links ; consequently, as the entire width is 3925 links, the point of maximum motion is 
here 1131 links nearer to the western than to the eastern side of the Mer do Glaeo. The 
dirt also which marks the junction of the portion of the ice derived from the Col du 
Geant, with that derived from the other tributaries, is crossed at the distanco 2251; hence 
the place of maximum motion occurs at a point 854 links west of the dirt, while on the 
lines set out lower down the point of maximum motion was far in upon the dirt, east¬ 
ward from the junction. The position of the point of maximum motion changes, there¬ 
fore, in exact accordance with the explanation given above. 

But the question is capable of still closer examination. The notes enable us to com¬ 
pare a number of points at the eastern side of the glacier with others, situated at the 
same respective distances from the western side. Let us call (‘very pair of points, one of 
which is situated as far from the eastern boundary as the other is from the western, 

(orresponding points. The corresponding points along oxu* fourth line may then be range* 1 
as follows:— 

S. T. 8. V. S. V. 8. V, 8. V. 

West.... 17—15 ; 16—171; 15—22|; 13—23|; 12—23-]-] (A) 

East .... 3—12^; 4—15£; 5—15£; 7—18£; 9—19£j"‘ W 

The numbers under the letter S are those of the stakes, those under V ore tho corre¬ 
sponding velocities. It will be seen that in each case the point on tho western portion 
of the glacier moves quioker than the corresponding point on tho eastern side. As a 
whole, therefore, the western side moves more speodily than tho eastern, which is the 
reverse of what was observed lower down, but quite demonstrative of the explanation 
which refers the effect to the curvature of the valley. 

An inspection of the notes also shows, that at the place where the fourth line crossed 
the glacier, the crevasses ate found chiefly upon the portion derived from the Glacier 
du Gteant. The dirt which the position of the other tributaries of the Mor 

de Glace is crossed at the distance 2251; and after this distance we find the remark 
“crevasse nearly dosed,” “closed crevasse; 1 " so that not only is the eastern side of the 
glacier here less crevassed than the Western, but crevasses previously formed are partially, 
or wholly dosed up. The shifting of the place of strain consequent on the change of 
ourvatOrej carried naturally along with it the shifting of the crevasses. It may be inferred 
from the ndt# that the measurement of such a line is not without its difficulties. 
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Our next line (EE') stretched across the glacier from the promontory of Trelaporte to 
the base of the Aiguille du Moine. The instrument being placed upon a grassy slope 
above the promontory, the line was set out on the 28th of July. The Trelaporte end of 
this line was immediately under the station marked G* on the Map of Professor Forbes ; 
the dis placements of the stakes were measured on the 81st of July, and were found to 
be as follows:— 


Fifth Line (EE').—Mean Daily Motion. 

West. East - 

No. of Stakes. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Motion. 11* 13* 12* 15 16*'16 17* 19* 19* 19 19* 17* 16 14* 10 

The first of these stakes was about 80 feet distant from the face of the rock at Trela¬ 
porte ; the 15th was on the lateral moraine, which moved along with the ice at the 
opposite side of the valley. The retarding influence of both sides is very clearly shown, 
the motion of the central stakes being nearly twice that of the extreme ones. As a 
whole, the rate of motion is slower here than at the “ Ponts ” or at the Montanvert. 

This line was also chained by Mr. Hirst; a copy of his notes, showing the distances 
along the line at which the stakes were set, faces this page. 

The chaining co mmenc ed at a point 116 links distant from the face of the rock at 
Trelaporte. A riding these 116 to the distance 3941, we have 4057 links, or 893 yards 

for the width of this portion of the Mer de Glace. The point of maximum motion 
occurs at stake No. 9, which is 2236 link s distant from the rock at Trelaporte, or more 
than one-half the distance across; that is to say, the point of maximum motion is here 
nearer to the Talefre side than to the Gdant side of the glacier. Here, again, we have a 
result different from that obtained with our fourth line; and if we look to the sketch-map 
we shall see the reason. Between the fourth and fifth lines the Mer de Glace has passed 
a point of contrary flexure; and here at Trelaporte the convex side of the glacier is 
turned* towards the base of ihe Aiguille du Moine. , 1 

Taking the 116 links at the, commehcement into account, the following paars of stakes 
may be regarded as corresponding points >—-3 and. 14 ; 4 ’7: ahd, : J0; the .small 

numbers referring to stakes at the western, and the ..jtargej numbers to stakes at the 
"eastern side of the glacier* ^The relative motions of those points are as follows: 

. 7-17*. 

East 14-141; .12-17*; 10—19. . 


Comparing this Table with Table A, we observe a reverse result j infoe latter case the 
western- stakes moved most swiftly; here the eastern ones do so; .the d^jr^i^nt of the 
ice is tihe safoe as at -the places intersected hy our three first lines, ahd. ii® cuivature pf 

From 4e f^^-observations the following law of glacieir morion is derived:— 
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convex side of the central line. It is therefore a curve more deeply sinuous than the 
valley itself and crosses the axis of the glacier at each point of contrary flexure*. 

Fig. 2. 



The law may be illustrated by the following experiment:—A, fig. 2, is a box filled with 
fine mud, which by raising a sluice in front flowed into the curved trough AE. A line 
ah was drawn upon the mud above the bend, a second line, cd, below the bend, and a 
third, ef at the bend. The distortions of these three lines by the motion of the mud 
downward will reveal the position of the point of maximum motion at the parti¬ 
cular places where they are drawn. The line ah was distorted to a'h 1 , the summit of the 
curve being exactly in the centre of the trough, thus proving that the centre was the 
place of maximum motion. The same was true of the line cd, which was distorted to c d. 
The line ef was distorted to ef, the summit g of the curve being nearer to the side bfd 
of the trough, this proving the point of maximum motion to lie towards that side. 

1 scarcely know a case more calculated to impress the mind both with the yielding 
power of ice to pressure, and the magnitude of the forces brought into play in the motion 
of glaciers, than the crushing of the three tributaries of the Mer de Glace through the 
throat of the valley between Trelaporte and the base of the Aiguille du Moine. Not 
wishing to trust the eyes in the estimation of distances here, each of the three confluent 
branches was measured. The width of the Glacier du G&int, a short distance above the 


Tacul, was found ,to be 5155 links, or 1134 yards. The width of the Glacier de L6chaud, 
-just; before its junction with the Tallfre, was found to be 3725 links, 825,yards. That 
7^.jii'litOTNrtiiyl by the pressure of the L^chaud, that is, across the 

,^p|qbdiaatdy, to be 2900 links, or 638 yards. Adding all 
of -the widths of the three branch glaciers to .be 2597 yards. 
are forced through a g0rgel%$2> yards, wide; and our 
measurements ’shpn? that i£passe& through with a velocity of nearly 20 inches a day 1 , 
-_ r , - limiting pur view l fo';oq& of ; the. glaciers- thus Compressed, the ihets, appear still more 
, ; ^tom^ung. ‘ Previous junefipa.With^fhe ; llal^fipe,;the Glacier de Xlchaud has a 

of‘thir^-seven /drains and a .half.;’ the jaws of the granite 

%y,^^^|kelapprte, this broad ice-'m^yia^^teeaed to a : driblet pess than four chains in 
illustrates, the ‘Xelatibhypfrilie’ size ahd;power of'glacier to .the quan* 






ita a line dravu aloiig the cenb?e pf the 
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tity of snow drainage which supplies it. The Talefre has its basin, and the Geant has 
its vast plateau, from which the respective glaciers derive nutrition; hut the Lechaud is 
fed by two or three couloirs merely, which descend principally from the Mont Mallet 
and Les Jorasses. The Geant, in the struggle for place at Trelaporte, takes up more 
than half the valley, and the others come in the order of the drainage which supplies 
them. 

The velocity of the Mer de Glace at Trelaporte being about 20 inches, it seemed pro¬ 
bable that the velocity of the Glacier du Geant above the Tacul, and also of the Lechaud 
above its junction with the Talefre, would be considerably less, in consequence of the 
greater width at these places. This proved to be the case. On the 29th of July a line 
was set out across the Glacier du Geant, a little above the Tacul. There were ten stakes 
in this line, and their motions reduced to twenty-four hours were as follows:— 


Sixth Line (HH 7 ),—Mean Daily Motion. 

No. of Stakes. 12 34 56 7 89 10 

Motion...... 11 10 12 IS 12 12f- 10^- 10 9 5 

The velocity here is considerably under that of the Mer de Glace at Trelaporte. 

On the 1st of August we set out a line across the Glacier de Lechaud immediately 
above where it is joined by the Talefre. The line commenced at the side of the glacier 
beneath the block of stone called the Pierre de Beranger, and ran perpendicular to the 
axis of the glacier to the other side. The displacements were measured on the 3rd of 
August: reduced to twenty-four hours, they are as follows:— 


Seventh Line (KK')-—Mean Daily Motion. 

No. of Stakes. 1 2345 67 89 10 

Motion. 8J 9-^ 9 7-J 6£ 8^ 7 6% 


The stakes 8 and 9 were at opposite sides of a “ moulin,” which was found to share 
the general motion of the glacier. A new crevasse crossed our line above 8 and below 
9, and the greater advance of stake No. 8 was probably owing to the yielding which 
this crevasse permitted. The rates of motion, it win be, observed, are still less than 
those upon the Glacier du Geant. 

Were the Glacier de Ldchaud subjected to no waste during its descent, and Hid no 
accumulation take place at any point, equal quantities* of ice would pass through all 
its cross sections in the same time. The compression which takes place at Trelaporte 
is hot a change of mlvme but of form. The mass is squeezed laterally, an4 ho doubt 
exp ands Ve rtically ;... Comparing the velocities and widths at Trelaporte and opposite the 
Pierre de B&ranger, we should be led to the result that the depth of the Glacier de Le- 
r-bnnd wft WId, if no waste had taken pdace, be at lehsf four and a half 

t^es-ite ; 'defe5S&teri.^S^;loss ofMby^pesrficialswb^adal melting must 

+^T- Q aGri» /Afifvrvatrnns miehtbe made in con- 
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nexion with the point, and I think one result of such observations would be the esta¬ 
blishment of the comparative shallowness of the Glacier de L6chaud. 

There is another characteristic of glacier motion which was predicted by Professor 
Forbes, before any observations had been made upon the point, and afterwards con¬ 
firmed both by his own measurements and those of M. Martins, —I allude to the fact 
that the glacier is not only retarded by its sides, but by its bottom, the superficial ice 
thus moving more quickly than that in contact with the bed of the glacier. 

Objections have been made to both the measurements alluded to, and I was therefore 
desirous to submit the question to a new test. The experiments which I have to record 
were made upon the face of an ice precipice, which offered a rare opportunity for an 
observation of the kind. The face formed the eastern boundary of the Glacier du Geant 
near the Tacul, was about 140 feet in height, and nearly vertical. I requested Mr. Hirst 
to place two stakes, one at the top and the other at the bottom of this precipice. This 
was done on the 3rd of August; and on the 5th it was found that the stake at the top 
had moved throug h 12| inches, while that at the bottom showed an advance of 6 inches 
only. There was some uncertainty regarding this latter result, on account of the danger 
incurred by the assistant, from the stones which fell incessantly from the top of the 
precipice, and which compelled him to retreat several times before the measurement 
could be effected. 

I was reluc tan t, however, to leave an observation of the kind with a shade of uncer¬ 
tainty attached to it. On the 11th of August, therefore, I fixed myself two stakes, one 
at the top and the other at the bottom of the precipice, and feeling strongly impressed 
with the importance of ascertaining the motion of a point midway between top and 
bottom, I cut steps in the ice, climbed the face of the precipice, pierced the ice with an 
auger, drove a stake firmly into it. Until Monday the 17th of August I was unable 
to reach the place again. On this day I penetrated through dense fog and snow to the 
Tacul, and found the highest of the three stakes standing, but the two lower ones were 
buried in a heap of snow which lay at the base of the precipice. On the following day 
the perilous process above described had to be repeated; and on Tuesday the 20th of 
’- August the displacements were measured. [Reduced to twenty-four hours, the motion 

• ipf^-the |hrce stakes was found -to be as follows:— 

•. v ie5> :t y". Vi? *' ■ inches. 




, Top. stake . 
V'Bottom-stake 


. 6-00 
. • 4‘59 
: l. 2-56 . 


The distort*' front the'top^^^^ was foimd, by. measurement with a 

. repe, to be 140-58’feet, : ‘Bittat its upper portion; the 
•height of the middle_ st&e^from-tha-of the bottom one 4 feet. 

.provedby these measurements that, the bottom of the ice?waR at the 
less than 'half the velocity of the summit; while the deportment of 
'--j ^ hosy the bptfom':P^wa!rds*;’V' ’*• 



PROFESSOR TYNDALL’S OBSERVATIONS ON THE MER DE GLACE. 271 


§ 3. On the Cause of Glacier Motion. 

The various theories which, have been advanced to account for the progression of 
glaciers are too well known to need detailed discussion here. Saussure, and some 
before hi™, thought that the glacier slid along its bed*. Charpentier thought that 
the motion was due to the freezing of water in capillary fissures, and the consequent 
swelling of the contents of these fissures. Other hypotheses have been advanced with¬ 
out produ cing any deep impression. It has been objected to Saussure’s theory, that were 
it true, glaciers must slide down with an accelerated motion; but reflection alone would 
deprive this objection of weight, and an experiment of Mr. Hopkins completely refutes 
it j\ When incessantly checked by the surface over which they slide, even avalanches 
may, and do, sometimes descend with a uniform motion. The motion of a man in 
walking down stairs is on the whole uniform, but it is actually made up of an aggregate 
of small motions, each of which is accelerated. It is easy to conceive that ice moving 
over an uneven bed, will, when it is released from one opposing obstacle, be checked by 
another, and its motion thus be rendered sensibly uniform. So many obstacles exist 
along the bed of a glacier, that sudden slipping forwards of the mass through any con¬ 
siderable distance is not to be expected. But the real weak point of Saussuee s theory, 
though partly true, is its inability to account for many facts observed since his time. 
The theory of Charpentier, though not always fairly represented, has been shown to be 
untenable. 

The facts submitted to our consideration are briefly as follows:—We see the glacier 
winding through a valley, squeezing itself through a gorge, and widening where it has 
room. We see that the centre moves more quickly than the sides, and the top more 
quickly than the bottom; and the next demand of the mind is for a general principle 
Which shall unite these facts, and from which they shall- follow as physical corollaries. 
Professor Forbes seeks this principle in the viscosity of the ice. Ice, according to him, 
is a substance resembling treacle, honey, or tar, and the observed phenomena are a conse¬ 
quence of this property. In this assumption consists what is called the viscous theory $. 

* I hardly thinly however, that Saussubb would have subscribed to some of the interpretations of his 


theory now extant. 

f See Hopkins in Philosophical Magazine, vol. xrvi. p. 4: "Were it not that this objection is thought¬ 
lessly repeated in every work upon glaciers, I would not dwell upon it here. The objection drawn from the 
deportment of secondary glaciers lying on steep slopes is also very commonly dwelt upon, but it is equally 
without weight; and applies with at least as much force to the viscous theory as to the theory of Saussube. 

$ The.name of Ml. Rendu will always be honourably associated with the theory of glacier motion, He 
. firstdrew attention to the power of the glaeier to move through a sinuous valley, to narrow and wideq and 
biftSiyelike lava orliie “ a soft paste.” He conjectured also that the centre would move more quickly than 
the’sides. , In feet he appears to have had a correct conception of almost all that , the subsequent, observa¬ 
tions of PSrofesaor EoBBES established. I regret to say that I have hot been able to. obtain M. Rendu’ s 


August 1 ana ■ — 1 ftutahi potaf /jnricjh friwoda, Ihave recently h^:thepleasure of readmg M. ! Rbndu’s paper, 
the perusal^ wh^-la»oopfipm^^ of r his saghc^y.'. Had this gent^man been ^gh ilos^her 
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Before entering upon the examination of this theory, I would ask permission to make 
the following remarks:—I am aware that the paper published by Mr. Huxley and my¬ 
self has produced considerable diversity of opinion among scientific men. Some, whose 
opinions are entitled to every respect, regard the views there advocated, and the expe¬ 
riments there described, as consistent with and explanatory of the viscous theory; 
while others, of equal eminence, believe that if the views referred to be sound, the 
viscous theory can no longer be maintained. Under these circumstances it behoves me 
to state distinctly the point of view from which I intend to examine the theory, submit¬ 
ting myself completely to the public sense as to whether this point of view be the correct 
one or not. Both the terms and the illustrations made use of by Professor Forbes have 
diffused ideas regarding the physical qualities of ice which render a strict examination 
of the subject essential. Let me here briefly state what I understand by viscosity, and 
what I, and other more competent persons, at one time believed to be a demonstrated 
property of ice*. 

By viscosity, I understand that property of a semifluid body which permits of its being 
drawn out when subjected to a force of tension , the particles of the substance taking 
up new positions of equilibrium, so that when relieved from the strain the substance has 
no distortion to recover from. A capacity to change the form under crushing pressure 
is not, I think , a test of viscosity; for this power is possessed by substances, to which 
we should never think of applying the term viscous. 

In examining whether glaciers possess the power of yielding to tension like viscous 
bodies, I would refer :—l. To the shifting of the place of strain by the curvature of the 
valley, to which I have already referred. Let ABCD, fig. 3, embrace a curved portion 
of a glacial valley, and let AB be a linear element of the glacier transverse to its axis. 

Fig. 8. 


As the ice descends AB becomes curved in consequence of the quicker movement of its 
centre. Did the valley continue straight in the direction of E and F, the point of 'maxi- 
t mum velocity would, after a certain time, be found at o, midway between the lines AB, 
BF ; buf the curving of the valley thrqws the point a to a!, and thus increases the strain 
, upon the branch a'A' of the curve, while it diminishes the strain upon af&. The conse- 

-. 7 .'*' h 1 , the quality ■which I have heard ascribed tojee by intelligent'$*4 ;eofih | i|ted' 

7 C ' v , ' > ■ 1 V 
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quence of this difference of action upon the two branches, is that the side of the glacier 
which is subjected to the augmented tension does not yield to the strain as a viscous body 
would do, but breaks. In the words of Professor Forbes, the glacier at this place 
becomes “ excessively crevassed.” This fact, therefore, as far as it goes, is opposed to the 
idea of viscosity as above defined. 

2. The fact that the centre of a glacier moves more quickly than the sides, is that on 
which the viscous theory is chiefly based: let us examine the circumstances connected 
with this motion, availing ourselves while doing so both of the figure and the reasoning 
of Mr. Hopkins. Let ABCD, fig. 4, be a sloping canal, into which is poured a 


rig. 4 



quantity of treacle, honey, tar, or melted caoutchouc, all of which have been referred 
to as illustrative of the character of ice; and let the mass move down the slope in the 
direction of the arrow. Let ST be a narrow segment of the viscous substance; this 
segment, as it moves downwards, will take the form ST. Supposing T* to be a square 
element of the mass, it will be distorted lower down into the lozenge T'i', and the line 
Ti will become T'i'. Now the analogy between such a substance and ice fails in this 
respect; in the viscous mass the short diagonal of the square stretches to the long one 
of the lozenge, but, in the glacier, the ice breaks at right angles to the tension, and 
marginal crevasses are formed. It was by means of the simple diagram here' sketched 
that Mr. Hopkins showed why the marginal crevasses of a glacier are inclined towards 
its source*. This fact, therefore, so far as it goes, is also opposed to the idea of 
viscosity. 

But it is known that in the case of a substance confessedly viscous, a sudden shock or 
strain may produce fracture. Professor Forbes justly urges, “ that sealing wax at mode¬ 
rate atm ospheric temperatures, will mould'itself (with time) to the most delicate inequal¬ 
ities of the surface on which it rests.but may, at the same time, be shivered to 

atoms by a blow with a hammerf.” Hence, in order to estimate the weight of the 
objection, that the glacier breaks when subjected to strain, we must know the conditions 

tmder which the force is applied. : ” 

’ Thhfiffeeenth station on the line (EE') at Trelaporte stands on the lateral Moraine of the 
glacier; between it and the fourteenth, a distance of 80,0 links, orT90 fret, intervenes, 
and within this disrt^iiqe the glacier suffers its maaimum strain. Let AB (fig. 5) be the 






Let 


Kg. 5. 
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side of the glacier, and let the direction of motion be that indicated by the arrow. 
abed be a square element of the glacier with a side of 190 feet, lhc 
whole square moves downwards with the glacier, but the side Id moves 
quickest. The point a moves 10 inches, the point b, 14-75 inches in 
twenty-four hours, the differential motion thus amounting to an inch in 
five hours. Let ab'ed! be the shape of the figure after five hours mo¬ 
tion, the distance bb'—ddl being 1 inch; then the line ah would be 

extended to aid, and the line cd to cd 1 . 

Sut the extension of these lines does not mark the nxaxitnwn strain 
to which the ice is subjected. Mr. Hopkins has shown this strain to 
take place along the line ad, which encloses an angle of 45° -with the 
side of the glacier. In five hours, then, this line, if capable of yielding, 
would be stretched to ad'. 

In the right-angled triangle aid' we have <*5=2280 inches, 5<?=2281, 
and hence we find ad' to be 3225'1 inches; the diagonal ad is 3224*4 
inches; and the amount of yielding required from the ice is that the latter line shall be 
extended by five hours’ gradual strain to the length ot the former. 

This is the utmost demand made upon the presumed viscosity of the ice, but the sub¬ 
stance is unable to respond to it: instead of stretching, it breaks, and copious fissures 
are the consequence. It must not be forgotten that the evidence here adduced merely 
proves what ice cannot do; what it cm do in the way of viscous yielding we do not 
know. There is no experiment on record, with masses great or small, to show that the 
substance possesses, in any measurable degree, that power of being drawn out which is 
the very essence of viscosity. 

Further, the case here referred to is not solitary, but typical. I dare say every single 
glacier of the first order would furnish proofs of the absence of viscosity equally cogent 
with that here brought forward. The marginal crevasses of glaciers usually result from 
an incapacity on the part of the ice to respond to a demand upon its viscosity, not greater 
than that just cited *. 

VVhen a person unaccustomed to glacier life observes, from a safe distance, the pro¬ 
found fissures by which the ice, is intersected, the question sometimes arises, “what if 
bfienf fhese chasms should suddenly open beneath the traveller’s feet!” There is, how* 
ever, hb feaiM ^iisi The crevasses, when first formed, are exceedingly narrow* and they 

* Itmay, howeveivbe urged tWi l do.not know bow .much the ice observed in the locality referred to 
bad been stretched before if arrived tb«re. : Extend an elastic stringtothe point of breaking, and a small 
additional force would break it- hut this, bttersmall extension Would be no measure of the extensibility 
of the string. . To this I reply, that if’ is the very essence of * viscous mass to accommodate itself to the 
fetees winch act upon it, so that in each ne^ position the texture of the substance shall be in a state of 
J “- if BU ch a mass be broken it will have ho distortion, to. recove* from. The idea that a glacier 
such a string as that referred to, has beenexpressly rejected by the ablest advocates of. the 
$ iO proof of which I Would refer to the lucid note of Dr. Whewim, in the 26th. volume of 
gag6l72. ..Oases may occur where the lateral ^elding prodbo^ 
he rteshw hlong ad; in such a case no marginal crevasses ■ 

'-‘i ^ 
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open with extreme slowness. While standing one evening, in company with Mr. Hirst, 
on the Glacier du G4ant, both of us were startled by a sound like a heavy explosion in 
the body of the glacier, underneath the place where we stood. This was instantly followed 
by a succession of loud cracks, accompanied by a low singing noise. The ice continued 
cracking for an hour; but notwithstanding the manifest breaking of the glacier, which 
was to some extent awe-inspiring, we could not, for a long time, detect any trace of 
rupture. The escape of air-bubbles from the surface first informed us of the position 
and direction of the incipient crevasse, for such it was. It was so narrow that the 
thinnest blade of my penknife would not enter it. 

On another occasion, our guide, while engaged in setting out one of our lines, observed 
the ice to break beneath his feet, and a rent to propagate itself suddenly, with loud 
cracking, to a distance of 50 or 60 yards across the glacier. These fissures are produced 
by tension, and the velocity with which they widen is a measure of the amount of relief 
demanded by the glacier. The crevasse last alluded to required several days to attain 
a width of 8 inches, and the opening of the one on the Glacier du Geant was far 
slower than this. This is their general character. They form suddenly and open slowly, 
an d both facts are demonstrative of the non-viscosity of the ice. For were the substance 
capable of stretching, even at the small rate at which they widen , there would be no neces¬ 
sity for their formation*. 

There is another point of view from which the question of viscosity may be examined; 
but as the observations which bear upon it possess a general value, I will devote a 
special section to them; choosing afterwards those which more particularly apply to the 
case now under consideration. 


§ 4. On the Inclinations of the Mer de Glace. 

By calc ulation from heights and distances, Professor Forbes obtained approximately 
the inclinations of some portions of the Mer de Glace f*, but no direct observations on 
the subject have been hitherto made. On the 4th of August we transported our theo¬ 
dolite to the Jaxdin, for the purpose of ascertaining its inclination, and, that of the Gla¬ 
cier du Talefre. From the green space on which visitors to the place usually repose, 
the angle of elevation to the top of the Jardin is 24® 7', and from the same place down¬ 
wards to the bott om Of the Jardin the inclination is 80®. From the bottom of the Jardin, 


for some distance along its medial moraine, the ice is nearly level, its inclination being 
only 21'. A succession of slopes then follows, enclosing with the horizon the following 
angles of depression:—3° 5 r ; 4°25'; 6°50'; 8° 5' and 9° 40', which last brings, ustothe 
Ifro^df the ice cascade. The inclination of the fall is 25°,—producing a Iphe drawn 


CcuM,C VA UH? MUSUauC mjuuojl JLti uuw *jl*w*w*j*v -yr r ] i ^ 

the ft|nrhg th ir Irn from the base of the cascade dowiiwaids, is $0K 

. ■' ; j'- ' -ft 1 r \\\ 'V j y r ; ' . , - - ’ "y . *V} f 

* Por an ihe. fonnaticm of & Hxunber of new eroirasseSj Seo ^OA^siz , i Syateme Gla- 
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The descent of the icc through this gorge from the basin of the lalefrc, is adduced 
by Professor Forbes as an illustration “which will appear to the impartial reader 
almost a demonstration” of the principle of viscosity. “ The ice is compact, he urges, 

“and almost without fissures.The open crevasses which commence a little above 

AB are turned towards the basin*.” The line AB here referred to is actually in 
the jaws of the gorge, and apparently at a considerable distance below where the ice 
enters it. The description certainly would not apply to the ice of the year 18o7. 
.Long before reaching the summit of the fall the most skilful iceman would find himself 
in difficulties. We proceeded as far as we dared amid the pits and chasms into 
which the glacier is tom, and which followed each other so speedily, that the ridges 
between the fissures were often reduced to mere plates and wedges, which were in many 
instances bent and broken by the lateral pressure. At some places vortical forces 
seemed to have acted upon the mass, and turned huge pyramids so far round as to place 
the structural veins at right angles to their normal position. Looking downwards 
towards the summit of the cascade, the ice was frightfully riven. The glacier descends 


the cascade itself in wedges, pyramids, and columns, which latter often fall with a sound 
liifA thunder, and crush to pieces the ice crags below them. After this description I do 
not think that the case is likely to be accepted as a demonstration of the viscosity of icc. 

I now pass on to the inclinations of the Glacier du Gi%nt. For some distance below 
the base of the so-called Seracs the irregularities of the glacier render an estimate 
of its general inclination somewhat difficult, but I should judge it to be about 13°. 
From the eud of , this steeper portion, two slopes, one of 4° 37', and the other of 3°, bring 
us to the Tacul, and from this point to the bottom of the ice valley at Trelaporte we 
have the .following series of inclinations2° 15'; 3° 15'; 5° and 9°; thence to the Grand 
Mo u lin the slope is 3° 30', and afterwards, down the glacier to a point nearly opposite 
to the‘Grande Chemin.ee below 1’Angle, the inclinations are 3° 10'; 5°; 6° 25', and 4°. 
The glacier then descends a slope of 9°, and afterwards passes the Montanvert at an 
inclination of 4° 45'. Below the Montanvert it falls steeply for some distance, the 
inclination being 16°. Between the base of this slope and the brow which marks, the 
termination of .the Mer de Glace and the commencement of the Glacier des Bds, the 


5pe;is;5° r 10'. The ice afterwards , descends an incline of 22° 20'in a state of great 
A Rr^yri the ,base of this incline the general inclination of the lower portion 



ry^y'vy ■ 


I^chanti wtil cmplete this portion of irar subject. 
The vppet odP steep, aaow slopes which rear them¬ 
selves against "tibwa- '<St£axkiM»' oaf. 4r®'29^ ■ Oppomte to theicefall 

of the Tal&ire, and atieiwarils down to the 

’’^'lihaL.where the Ldchaud an^ G^aht jpih, the slope is 5° aSSC/s”; rJ . 
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down which the ice is shot in crags, pinnacles, wedges, and castellated masses, all tossed 
together in the utmost confusion. Regarding this portion of the glacier, Professor 
Forbes writes as follows:—“ Escaping from the rocky defile between the promontory 
of the Montanvert and the base of the Aiguille de Dru, it pours in a cascade of icy 
fragments, assuming the most fantastic forms, into the valley beneath.” .Above the fall 
the ice is compact: Professor Forbes compares it to the dark unruffled swell of swift 
water r ushing to precipitate itself in a mass of foam over a precipice. 

In fig. 6 I have protracted the inclination of the fall and of the glacier above it, one 



of them, BC, making an angle of 5° 10', and the other, BA, an angle of 22° 20' with the 
horizon. Supposing the ice to pursue the direction which it had previous to reaching 
the fall, it would, at the end of a certain time, reach the point d *; but the ice is not 
rigid eno ug h to do this, and the mass descends to e. Now if it be the viscosity of the 
substance which has carried it in a certain time from B to d, that same property ought, 
one would think, to enable it to drop down the vertical de without breaking. But so far 
from its being able to do this, the glacier descends the slope BA as “ a cascade of icy 
fragments.” The fact, therefore, adds its evidence to that already adduced against the 
viscosity of the substance. 

But the case will appear much stronger when we revert to other slopes upon the Mer 
de Glace. For example ; the inclination of the glacier above 1’Angle is 4°: it subse¬ 
quently descends a slope of 9° 25', and in doing so is so much fissured as to be abso¬ 
lutely imp assable. The chasms cut the glacier from side to side, and present dear 
vertical faces of great depth f. Subtracting the smaller of the above angles from the 
larger, the difference, 5° 25', gives the change of slope which produces the chasms. In 
■fig . 7 the two adjacent slopes are protracted to a proper scale. Now the velocity of the 



glacier here, in the direction of its length, is to the vertical velocity with which it would 
have to »mk to reach its bed, as B d: de , or as the cosine of 5° 25' is to its sine, or r as 
99fl: 94, or, in round numbers, as 10: L Hence if it be viscosity which enables, the 
mass to movefrom B to d in a certain time, the same property ought, one ^ould .think, 
to permit it to sink through the space de, which is only one-tenth of Bd, in the same 


* T here assume that the general inclination of the surface of the glacier changes ia accordance -with that 
of its bed. which willharclly be questioned. ■ " 

t I once found mjs^..iilphe. y5ph^thifl portion of theglacier towards the clhse of a day s work, and expe¬ 


rienced great difficulty in • 


i itt which I had involved myself. 
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time. But this is not the case. In accommodating itself to the change of inclination, 
the glacier breaks and is fissured in the manner described. 

The change of inclination last mentioned, so far from marking the limit at which 
transverse crevasses begin to be formed, is sufficient to produce chasms of great magni¬ 
tude, and in most inconvenient numbers. Higher up the glacier, transverse crevasses 
are produced by a change of inclination from 3° 10 ; to 5°. If this change be accurately 
protracted, ■ the mere inspection of it will illustrate more forcibly than words can do the 
absence of the power of viscous yielding on the part of the ice. 

Looked at broadly, then, two classes of facts address themselves to the attention of the 
glacier investigator; one entirely in accordance with the idea of viscosity, and the other 
as entirely opposed to it. The affirmers and deniers of the viscous theory have perhaps 
been influenced too exclusively by one or the other of these classes of phenomena. The 
analysis of the facts gives the result, that where pressure comes into play we have the 
evidences of apparent viscosity*, but where tension is active we have evidences of an 
opposite kind. One of these classes of effects is as undeniable as the other, and hence 
the true theory of glaciers must render an account of both. 

When the mountain snow is first moistened, it becomes more coarsely granular; these 
granules abut against each other, and hold air and water in their interstices. But as 
successive layers press upon the mass, the granules are squeezed more closely together; 
rupture and liquefaction, succeeded by regelation, take place at the points of abutment; 
water and air axe expressed by the process, and the mass becomes more and more con¬ 
solidated. But although powerfully squeezed, each portion of the deeper ice is sur¬ 
rounded on all sides by a resistent mass; it is thus compelled to yield very gradually 
to the pressure and moves slowly through into the valley of ecoulemmt. As far as 
external- appearances go, there is, of course, almost a perfect similarity between such an 
action and one due to viscosity. 

But when a force of tension is applied, the case is wholly different. That intestine 
mobility which characterizes a truly viscous body, and enables one molecule to move 
round another while cling in g to it, or one particle to advance while another slides in 
laterally to supply its place, being absent, the only way in which such a body can meet 


the requirements of a strain is by breaking, the fissures widening as the strain con- 




account of all the facts adduced in ; proof of viscosity, and, also 
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experiment of Mr. Chbist® with a bomb-shell filled with water and submitted to ft 
i, belongs, of course, to this class of effects^ - * ' . 
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XV. On the Veined Structure of Glaciers; with observations upon White Ice-seam , 
Air-bubbles and Dirt-bands , and remarks upon Glacier Theories. By John Ttndall, 
F.B.S., Professor of Natural Philosophy , Royal Institution. 

Beceived February 24,—Bead February 24,1859. 

§ 1. Introduction. 

On the 20th of May, 1858,1 communicated a paper to the Koyial Society, containing an 
account of observations made upon the Mer de Glace of Chamoum. In addition to the 
questions there discussed, another of great importance occupied my attention during 
my sojourn at the Montanvert, and that was the veined structure of the ice. To 
obtain information on this head, I visited almost every portion of the Mer de Glace and 
its tributaries; I examined the Talefre and L<§chaud glaciers, and spent several days 
amid the seracs of the Glacier du Geant. To investigate the connexion, if any, between 
the structure of the glacier and the stratification of its neve I ascended the Col du 
Geant, and afterwards inspected the magnificent ice-sections exhibited in the dislocations 
of the Grand Plateau and other portions of Mont Blanc. 

During this investigation my convictions were by no means fixed; cases strongly 
suggestive of the influence of pressure, in producing the structure, came before me, and 
again other cases appeared which suggested, with almost equal force, the influence of 
stratification. The result, however, of the observations on the Mer de Glape was a 
strong opinion that pressure was the true cause of the phenomenon. 

But I could not help feeling that the facts and arguments which I was in a position 
to bring forward would still leave the question an open one. They might influence the 
opinions of others, as they had influenced mine; but I had nothing to advance on which 
the u i i' n d could rest with perfect certainty. ■ In short, neither the Mer de Glace nor its 
tributaries fur nis hed facts capable of completely deciding the question. The subject 
being one on which a great deal had been written and retracted, I was unwilling to 
swell the b ulk of the literature connected with it, while a possibility remained that 
what I had to say upon, the subject might also require withdrawal. X therefore thought 
it better to wait another year; to-extend the range of my observations, to visit glaciers 
• .in which the, mechanical conditions of strain and pressure were different from those uf 
the Mer.de Glace.. Thus by varying the circumstances, and observing Nature at work 
under different conditions, I hoped to confer upon the investigation the character and 
precision of an eyepowfental inquiry. , ; . ; " . , V 

The course of j^e;lhquify in, 1858 was as follows t-r-X first exaniined the glaciers of 
CfeandeiRaili&iL',^^ |jtaasr<>£ the Aar to the 
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Grimsel, thence to the glacier of the Rhone, thence to the great Aletsch glacier, in 
the neighbourhood of which I remained eight days. X afterwards spent eleven days at 
the Riffelberg, and explored the entire system of glaciers between the Monte Rosa and 
Mont Cervin. I thence proceeded to the Matmark Alp, and remained for five days in 
the vicinity of the Allalein glacier; I afterwards visited the Fee glacier, and completed 
the expedition by a visit to the Mer de Glace and its tributaries, and a second ascent to 
the summit of Mont Blanc. 

The present paper contains the evidence derived from the sources thus opened to me; 
and I shall take these sources in the order in which they come before me; the evidence 
is therefore necessarily of a varied character, and it will I think be found conclusive. 
Besides those sections which are immediately devoted to the subject of structure, the 
paper contains others on the cause of the flattening of the air-bubbles in glaciei ice, on 
the problem of glacier motion, and on the origin and cause of the Dirt-bands of the 
^0 GrlilCC* 

§ 2. General Aspect of the Veined Structure. 


The general appearance of the veined structure is well known. The ice of glaciers, 
especially midway between their mountain sources and their extremities, is of a whitish 
hue, owing to the number of small air-bubbles enclosed in the mass-—the residue, 
doubtless, of that air which was originally entangled in the snow of which the ice is 
composed. Through the general whitish mass, however, at some places, blue veins are 
drawn, so numerous indeed, in some cases, as to cause the blue ice to predominate over 
the white. A laminated appearance is thus conferred upon the ice, the cause of the 
blueness being, that for some reason or other, the bubbles distributed throughout the 
general mass do not exist in the veins, or exist there in much smaller numbers. 

In different glaciers, and in different portions of the same glacier, these veins exist in 
different stages of perfection. On the clean walls of some crevasses, and in the channels 
worked in the ice by glacial streams, they present a most beautiful appearance. They are 
not to be regarded as a partial phenomenon, or as affecting the constitution of glaciers 
to a small extent only. Vast masses of some glaciers are thus affected; by far the 
greater part of the Mer de Glace, and its tributaries, is composed of this laminated ice. 
The lower portion of the glacier of the Rhone, from the base of the ice cascade down- 
wards,: is-entirely composed of it, and numerous similar cases might be cited. 

• ■ i ^0;,‘bbS0tve ihe^stmeture of a glacier it is not even necessary to see the blue veins. 
Those whb ^ or wandered among the hills of Cumberland, or 

even walked in the environs of Leeds or‘other towns in Yorkshire and Lancashire, where 
the stratified sandstone of the district is used for architectural purposes, will have 
observed the exposed edges of the slate rocks, and of the stratified sandstone, to be 
:: g^opyed and furrowed by the action of tke weather.' In fact some portions of such rocks 
mthstand the action of the atmosphere better than others, and these more resisting 
( pori|ois^ T st»id out : in.ridges while the softer portions between them are worn away. 
•; upon the .surface.of the glacier.-. ;The.lainihated 
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ice, exposed to the sun, and to wasting atmospheric influences, melts in a manner similar 
to the wasting of the rocks; little grooves and little ridges are formed upon the surface 
of the glacier, the latter being due to the more resisting ice, while the grooves are pro¬ 
duced by the malting of the less resisting mass between them. 

The consequence of this is, that the light dirt scattered by winds and avalanches over 
the surface of the glacier is gradually washed into the little grooves, thus forming fine 
lines, which to the practised eye are an infallible indication of the structure of the ice 
underneath. Visitors to the Jardin have ample occasion to observe these striae, for they 
are finely shown upon the surface of the Mer de Glace between the Augle and Trela- 
porte. When they are followed until they are intersected by a fissure or a stream, it is 
seen that the superficial groovings always mark the direction of the veined structure 
within the glacier. 

§ 3. Structure and Stratification:—Marginal Structure. 

Opinions at present are very diverse as to the origin of these veins. Professor Fobbes 
first regarded them as being caused by the freezing of water which filled fissures in the 
ice, but he now discards the notion of freezing, and supposes the “ incipient fissures” 
to be closed by “ time and cohesion.” M. Agassiz despairs of rendering an account of 
them, but calls them “ bands of infiltration.” The Messrs. Schlagintweit have also 
treated the question, but with no greater success. In the paper published by Mr. 
Huxley and myself, pressure is referred to as the probable cause of the phenomenon, 
but we were unable at the time to furnish proofs of this. Apart from those who give 
public expression to their views upon the subject, I know that there are many who reject 
the pressure theory, and adopt instead of it the explanation that the blue veins of the 
glacier are merely the continuation of the strata of the neve; a view which has recently 
been upheld by Mr. John Ball in the Philosophical Magazine. The matter indeed so 
stands, that in a recent resume of glacier investigations, Professor Moussosr of Zurich 
omitted the subject of structure altogether, for the express reason that the question is 
still in complete obscurity. 

- I will not take up the time of the Society in discussing the vague, involved, and often 
absurd explanations which have been given of the blue veins of glaciers, but state 
broadly that the question now rests between the pressure theory, and that of stratifica¬ 
tion; Taking the parallel geological phenomena, the question then is, Does the veined 
structure of glaciers correspond to the stratification or the cleavage of rocks 1 

- jjj reply to this question, I will remark, in the first place, that the veins are not always, 
non even generally, such as we should expect from stratification. The latter ought to 
furnifih us with distinct planes extending parallel to each other for great distances 
through the glacier; this is by no means the general* character -of -the‘veins. We 
observe blue -streaks, some a few inches, some a foot, and some several feet in length 
upon the walls of ^q^Same cteya^, aud var^g- ^P; ^ fraction of an inch to several 
inches in thickness.”Ih- many tese»'the;bliie -hounded, giving rise 
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to the lenticular structure described by Mr. IIuxlky and myself, but more usually they 
lose themselves as pale washy streaks in the general mass of the white ice. In tig. 1, l 
have endeavoured to give an idea of a very common 
aspect of the veined structure. Such a structure is 
not that which we should expect from bedding. 

Again, taking the Glacier du Geant as a represent¬ 
ative case, we have first of all the slopes of the Col du 
G6ant, the collectors of the snow by which the glacier 
is formed. The fissures on these slopes exhibit beauti¬ 
fully, to a certain depth, the horizontal stratification. 

The lines of bedding may be seen as far down as the 
summit of the great ice-fall between the Rognon and 
the Aiguille Noire; and on the castellated masses at the 
summit of this fall, to which the name seracs has been 
applied, the lines of stratification may be distinctly 
seen. Escaped from the confusion of the fall, the 
glacier flows gently through a long valley towards its 
junction with the Ldchaud and Talefrc at the Tacul. 

Throughout the entire length of this glacier the planes of the structure art* vertical or 
nearly so; sometimes they dip a little forward, but at other places they dip an equal 
quantity backward. Now lot the mind figure, if it can, an agency which, as the mass 
descends the fall, shall turn up the horizontal strata of the Col du Geant and set them 
vertical, without a single break, throughout the entire length of the Glacier du Geant, 
and I imagine the effort to conceive of such an agency will be followed by the conviction 
that the change indicated is inconceivable. 

Further, we often find, in the central portions of a glacier, the structure feeble, or 
scarcely developed at all, while at the sides it is well developed. This is often the ease 
where the glacier moves through a valley of tolerably uniform inclination, and where 
no medial moraines occur to complicate the phenomenon. But if the veins mark the 
bedding, there seems to bo no reason why we should not find thorn as clearly defined at 
the centre as at the sides; the feet, however, certainly is that wc do not so find them. 

Let me here show the true significance of this fact. If a plastic substance, such as 
mud, flow down a sloping canal, the central portions will flow more quickly than the 
lateral ones which are held back by friction. Now the flow may be so regulated that a 
circle stamped upon the central portion of such a mud-stream shall move downwards 
without sensible distortion , thus proving that the central mud is neither compressed nor 
stretched longitudinally; for if the former, the circle would be squeezed to an ellipse 
with its major axis transverse to the axis of the stream; and if the latter, it would be 
dmm out to an ellipse with its major axis parallel to the line of flow. A similar 
absence Cff longitudinal compression exists in many glaciers, and in such ice-stream there 
is no transverse central structure developed. 


Lug A. 
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But let a circle be stamped upon the mud-stream near to its side; owing to the 
speedier flow of the centre, this circle must be distorted to an ellipse, because the part 
of the circle furthest from the side moves more quickly than the part nearest the side. 
Hence we shall have an ellipse formed with its major axis inclined downwards, indicating 
that the mud is compressed in one direction and expanded in another. An exactly 
similar state of things occurs in many glaciers; the ice near the sides is subjected to a 
pressure and tension like that here indicated, and we have marginal crevasses as the 
result of the t ensio n, while the veined structure is, at ah events, found associated with 


the pressure. 

Fig. 2 will perhaps render my meaning Pig. 2. 

more intelligible, in which cb, cb represents e 
the sides of a glacier moving in the direction 
of the arrow. Here, while the central circle 
re tains its shape, the side ones are squeezed 
and drawn out to ellipses. Marginal cre¬ 
vasses occur parallel to the lines m n, or per¬ 
pendicular to the tension, while the dotted 
linfts mark the direction of the blue veins which are at right angles, or nearly so, to the 
crevasses. I have dotted the line marking the direction of the structure along the 
margins ab, db. In connexion with this point, I would refer to the instructive papers of 
Mr. Hopkins *, who has shown that in glaciers which move through valleys of uniform 
width, the directions of maximum pressure and tension are at right angles to each other, 
each of them enclosing an angle of 45 degrees with the side of the glacier. 

I have simply said that the structure in the case described is “ associated with the 
pressure;” thus confining myself within the strict limits of the facts. But what has 
been said shows that the pressure theory affords, at all events, a posable solution of a 
difficulty, which, without violence to fact, is inexplicable upon the hypothesis of stratifi¬ 
cation; the difficulty, namely, that a finely developed structure often exists along the 
margin of a glacier, while it is excessively feeble, or entirely absent, in the central 

portions. ^ 

§ 4. Transverse Structure.—Glaciers of Grindelwald, the Shone, &c. 




In many cases, however, the structure is not thus limited to the margins, but sweeps 
across the glacier from side to side, without interruption, being as well developed at the 
centre- as at the margins. The stratification theory is wholly incompetent to account 
for this; the, pressure theory requires that to produce this transverse structure the 
' gkfc^r,fiaBstj at some portion of its route, have been forcibly compressed longituffinally. 
It my return- from the.Mer de Glace in 1857, that the full mechanical 

ofindinaMonm the glacier occurred to mfe ^ 1 - 
1 p tATxi ^ ^ av e ^mpressiqn op on^tade aa^'ba^auiion bn the other, 
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mth a neutral axis between, the mechanical conditions of the mat* being shown by Us 
action on polarized light. The same is true of any other substance,-tlu* concave suriaee 
of the bent prism is compressed. Now at the bases of steep glacier slopes, where the 
inclination suddenly changes, we have a case of this bending, and along with it a thrust 
of the mass behind. The concave surface is tinned towards us, and that surface is 
thrown into a state of compression corresponding to the thrust, and to the change of 
inclination. Hence it occurred to me, that the bases of the ice-falls, where the requisite 
change of inclination occurs, were likely to be the manufactories of the transverse 
structure. The experience of 1858 completely verified this idea. 

In illustration of my position I will take a representative case; and to lender my 
observations capable of being easily checked, 1 will choose one of the most accessible 
glaciers in the Alps,—the lower glacier of Grindelwald. One portion of this glacier 
descends from the Viescherhorncr; but there is another branch which descends from the 
Schre ckh om, Finsteraarhorn and Strahleck, and it is to this latter branch that I now 
wish to direct attention. 

Walking up this glacier from its place of junction with the tributary from the 
Yiescherhorner, we come at length to the base of an ice-fall which forbids further 
advance upon the ice. Let the glacier be here forsaken, and let the flanking mountain 
side, either light or left, be ascended, until a position is attained which affords a com¬ 
plete view of the fall and of the glacier stretching downwards from the base of the full. 
The view from such a position will furnish a key to the development of the transierse 
structure. 

It is, in point of fact, a grand experiment which Nature hero submits to our inspec¬ 
tion. The glacier, descending from its neve, reaches the summit of the fall and is 
broken transversely as it crosses the brow. It descends the fall as a succession of 
broken cliffy ridges, with transverse hollows between them. In these latter the ice 
debris and the dirt collect, partially choking up the fissures formed in the first instance. 
Carrying the eye downwards along the fall, we see, as wo approach the base, these sharp 
ridges toned down, and a little below the base they dwindle into rounded protuberances 
which sweep, in curves, across the glacier. At the centre of the fall there is not a trace 
of the true structure to be observed. At the base of the fall it begins to appear,—at 
first feebly, but soon becomes more pronounced; until finally, at a short distance below 
the fall, the eye can follow the structural groovings right across the surface of the 
glacier, while the mass underneath has become correspondingly laminated in the most 
beautiful manner. 

It is difficult to convey, by writing, the force of the evidence which the actual obser¬ 
vation of this great experiment places before the mind. The ice at the base of the fall 
has to bear the powerful thrust of the descending mass; but more than this, tho sudden 
Change of indination which it suffers throws its upper portion into a state of violent 
fongitudinal compression. The protuberances are squeezed more closely together, the 
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hollows between them Wrinkle up in submission to the pressure; the whole aspect of 
the glacier here gives evidence of the powerful exertion of the latter force ; and exactly 
at the place where it is exerted, the structure makes its appearance, and, being once 
manufactured, is sent onwards, giving a character to other portions of the ice-stream 


which have no share in its production. 

An illustration, perhaps equally good and equally accessible, is furnished by the 
glacier of the Rhone. Above the great icefall which the traveller descending from the 
Furca has to his right, the horizontal bedding is exhibited in a more or less perfect 
manner, to a certain depth, upon the walls of the huge and numerous crevasses here 
existing. I have also examined this fall from both sides, and an ordinary mountaineer 
will find no difficulty in reaching a spot nearly opposite the centre of the fall, from 
which both the fall itself and the glacier below it are distinctly visible. Here a similar 
state of things to that already presented to his view reveals itself. The fall is structure¬ 
less; the cliffy ridges are separated from each other by transverse hollows, following 
each other in succession down the slope; those ridges are toned down to protuberances 
at the base of the fall, becoming more and more subdued, until low down the glacier 
the transverse swellings disappear. As in the case of the Grindelwald glacier, the 


squeezing of the protuberances and of the spaces be- Kg 3 

tween them is visibly manifested. Where this squeezing ■ f ^\ a 

commences the transverse structure also commences , and ^ 

in a very short distance reaches perfection. All the ice V.'t y JM 

that forms the lower portion of the glacier has to pass 4 

thr ough this structure mill at the base of the fall, and the 

consequence is that it is all laminated. \. -- Jk 

The case will be better appreciated by reference to 
figs. 3 and 4, the. former being a sketch, in plan, and 
the latter a sketch in section- of a part of the ice-fall and 

of the lower portion of the glacier of the Rhone, aebf - 

is the gorge of the fall, and fb its base. The-transverse; • - - 

ridges axe shown crossing the fall, being subdued at the 

base to protuberances, which gradually disappear further 

down the glacier. The“ structure” sweeps across the 

glacier in the dxrection of the fine curved lines. On 

the plan l Have also endeavoured to show the- radial ' 

crevasses of the., glacier-; they are at right angles, or - 

the structure. As would be inferred by t*'/' 

fhcrtff- with what I have already written upon ,' - ■ 

1 a < the-side bed of the -glacier is much^M^-^ei^y hrevassed 

protuberances are so- /: , 


thatt:th<rS3 
,, Fig.'4-s] 
in-section;. 
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powerfully squeezed in some cases that they scale off at their surfaces. Fig- *> F « rr l )r °- 
scntation of such scaling off which I have observed at the bases of se\eml cascades, 



including those of Grindclwalcl, the Rhone, the ltognou, and (he 'lalMrc', each ol which 
has also its “ structure mill ” at the base of its cascade. Fig. fa is an example of scaling 
off which X have produced by artificial pressure. 



It is to be borne in mind that the structure once formed prolongs itself into place's 
which have no part in its formation; it would therefore be hasty to infer the relation¬ 
ship of structure and pressure from an observation of them at a particular portion of the 
glacier. I have sometimes seen tire veined structure parallel to the crcvassos for a short 
distance: there are some transverse crevasses on the Glacier du Gdaut a littlo above 
Trelaporte which illustrate this; but it would be altogether erroneous to infer from tliis 
that the law which makes the structure perpendicular to the pressure, and hence, as a 
general rule, transverse to the crevasses, finds an exception hero. It is perfectly mani¬ 
fest that the structure which is brought into this unusual relationship to tho crevasses 
has been developed far higher up; that the change of conditions from longitudinal 
pressure to longitudinal strain is too weak and transitory to obliterate it. To effect 
obliteration, a force commensurate with that which produced tho structure must bo 
brought into play* and at the place now referred to no such force exists. 
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§ 5. The Aletsch Glacier. 


Having made the foregoing observations upon the glacier of the Rhone, I proceeded 
to the Aletsch glacier, and during a residence of eight days at the hotel upon the slope 
of the ASggischhom, made frequent excursions upon the ice. I had never previously seen 
this, grand ice-stream, and my interest in it, at the time of my visit, was greatly 
augmented by the arguments which Mr. John Ball had founded upon its deportment 
against the pressure theory of the veined structure. I shall here limit myself to a few 
brief remarks upon this subject. 

I have already stated, and this must be particularly remembered, that the veined struc¬ 
ture often appears in places which have no share in its production. The longitudinal 
structure in the centre of the stream of the Aletsch, for four miles above the base of the 
J2ggischhom, is not due to the lateral pressure endured by the glacier during these four 
mile s. It is due, as Mr. Ball himself suggests, to the mutual thrust of the branch 
glaciers, which unite to form the trunk stream; and, once formed by this thrust, it 
perpetuates itself throughout a great portion of the trunk stream. 

But it is urged against this view, that pressure exerted in new directions—the longi¬ 
tudinal pressure, for example, endured by the stream in its descent, and acting through 
long periods, ought,—if pressure has the power ascribed to it, to obliterate the first struc¬ 
ture. Now here, again, it must be remembered that it is the portions of the ice near 
the bed of the glacier that yield, and that the upper portions of the ice, in many cases, 
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are simply floated, upon the moving under 6 

portions. Were the uniform “longreach” \ 

referred to by Mr. Ball strictly examined, . l 

it would, in all probability, be found that i Sj (j j f 

the ice near the surface is no more com- -— f f 1 1 

pressed than a log of timber would be if 

placed upon the glacier, and permitted to ^ J j j 

share its motion downwards. — . - '//if 

I may sum up by saying that a close ■' , 

examination of the glacier satisfied me, /tS| -s 

not only that it presented no phenomena Iff 

which were at variance with the pressure < ' 1 , < f /'j Jf. t 

theory, but also exhibited some which, as 1 ^ J 

far as I could see, were perfectly fatal to gf 

thbi fheoxy of stratification. The state of . . ‘, ' V 

as shown in fig. 6, is certainly quite in haa^aony 

wiffij thftnTy ; -another fact observed upon the glacier.flhalhbe teferrecl' to 

’ - >•*’. »tSTt ;i pi ‘ T ’ - .• * 

I win exhibited'in 1he ; system. 




of glaciers in the neighbourhood of Monte Rosa. The general mechanical conditions of 
these glaciers will be evident to an observer stationed upon the Gomer (5rat, a point oi 
view well known to travellers, and famous for the magnificence of the panorama which 
it commands. 

As the observer stands here, facing Monte llosa, the great (ibrnor glacier, coming 
down from the heights of the old Weissthor at his left, flows beneath him. Lt is joined, 
in its course, by a series of glaciers from the sides of the opposite range of mountains. 
First of all comes the western glacier of Monte llosa, which really ought to give its 
■game to the trunk stream, as it is the most considerable of its tributaries. Into tlve 
glacier of Monte Rosa, and before the latter reaches the trunk valley, a glacier from the 
Twins, Castor and Pollux, pours its contents. Afterwards we have the Schwarzo glacier, 
which lies between the Twins and the Brcithorn; then the Trifti glacier, which lies upon 
the flank of the Breithom, and afterwards the glaciers of the little Mont Cm in and ot 
St. Theodule. The accompanying sketch (fig. 7) will render intelligible what I have to 



The small Gomerhom glacier, which comes down the sides of Monte Rosa, is a very 
singular one. In comparison with the western glacier of Monte Rosa its mass is insigni¬ 
ficant, and it is abruptly cut off by the latter along the lino ab, a moraine occurring 
here, which may be regarded as forming, at once, the terminal moraine of the one 
glacier and the lateral moraine of the other, Thus the smaller glacier coming down the 
meanteSt* tide abuts against its more powerful neighbour, and we should infer from the 
inspection ot f^ie glacier that its terminus is subjected to great pressure. 
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Let the observer now suppose himself transported to the Gomerhom glacier, at some 
distance above the terminal moraine ai', he will find there the transverse structure, if at 
all developed, excessively feeble and defective; let him now walk downwards towards the 
moraine a i '• every step he takes brings him to a place where the ice is subjected to a 
greater pressure, and every step also brings him to a better structure: both phenomena 
go Wnd in hand. At the end of the glacier, alongside the terminal moraine and under 
it, the structure is finely developed. If the observer now cross the glacier and ascend the 
rocks called Auf der Platte , from which he can command a near view of the Gomerhom 
glacier, and embrace a large portion of it, he will be able to observe the gradual perfect¬ 
ing of the structure as the region of pressure is approached. Towards the extremity of 
the glacier the surface becomes wrinkled, the groovings denoting the structure become 
more and more pronounced, the dirt strise being more closely squeezed together; and 
from these external aspects he may infer, with certainty, the gradual perfecting of 
structure within the glacier. 

The western glacier of Monte Eosa next commands our attention. This great stream 
occupies the valley between Monte Eosa and the Lyskamm, receiving the snows of the 
opposite sides of both. The branch of the Gomer glacier coming down from the Weiss- 
thor throws itself across the flow of its powerful neighbour, and deflects the latter, both 
of them afterwards moving together down the trunk valley, with a moraine, as usual, 
between them. 

Before quitting the “ Platte,” we will suppose that the observer has endeavoured to 
form some idea of the mechanical conditions of the Monte Eosa glacier. He would see 
the mass arrested in its descent by the Gomer glacier, and compelled to accompany the 
latter. A certain component of the weight of the glacier is borne by the ice where it 
comes into contadt with the Gomer glacier. The observer would infer, from mere 
inspection, that if the structure be due to pressure, it ought to be most fully developed 
neat'the moraine which separates the Monte Eosa from the Gomer glacier. 

If he now pass from the “ Platte ” to the ice, and cross to the centre of the Monte 
Eosa glacier to A, he will find the structure there excessively feeble, if at all developed. 
Let him now walk straight down the glacier towards B, where the pressure is most 
intense. Every step he takes downwards brings him to more perfectly veined ice; and I 
am net acquainted with a more splendid example of laminated structure than that exhi¬ 
bited by thin glacier along the moraine, and for some distance from it, at its southern 


side. ■ /. 

Thft system of glaciers which next come under review axe exceedingly instructive. 
Itt jqo place ip the whole range of the Alps are the effects of pressure aiM , the pheno¬ 
mena.^ ! s&^ more st riking ly exhibited. I have endeavoured, in the sketch, to 

renderv .these glaciers intelligible; The Schwarz^ glacier .moves down a 


steep mount 
the great 1 
swerve sensibly 


ad welds itself to the Monte Eosa \ 





at the bottom. But 
being compelled to 
, to bend abruptly, and 
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from a wide irregular!) -shaped field of nine, it is squeezed between the Tnlti and the 
IMouto Rosa glaciers to tlio narrow band represented in the figure, and mo\os thus 
downwards. 

The Trifti glacier itself is perhaps u still more striking illustration of the power of ice 
to yield when subjected to pressure for a long period. The aspect of the real glacier is 
much the same as that shown upon the sketch. If also is compelled to change its direc¬ 
tion, and to flow as a narrow stripe along the trunk valley, being hemmed in between 
the strip of the Schwarze glacier and that of the glacier of the little Mont On in. A 
beautiful system of hands is to he seen at the lower portion of this glacier.. 

Tiro inspection of the sketch will show better than words the modifications of shape 
which the lower portion of the glaciers undergo by the pressure of their higher portions, 
and the resistance of the trunk stream. They are turned aside, firmly welded togethei, 
and form a series of parallel narrow hands, separated from each other by moraines. 
They arc all well seen either from the Gbvnorgrat or the summit of the RiflWhom. 

I have examined each of these glaciers, and hud the same to be true of all of them. 
High up the structure is feeble; as we descend it becomes more pronounced, and at the 
places whore the tributaries join the trunk, and the ice has to bear the full thrust of tin* 
mass behind it, wo have a finely developed structure. 


§ 7. Coeridem? of Sir actor? mid Hii'atifmliim.—The Fun/t/r (if(trier. 

The evidence of the association of pressure and glacier lamination which 1 lm\e thus far 
laid before the Society, will, X think, he admitted to be very strong. 1 have no hesitation 
in saying that the stratification theory has nothing to urge at all to be compared with it 
in point of cogency. Still I cannot help feeling how a critical and well-informed mind 
might weaken the force of what I have adduced. Difficult as the conception is, it might 
be urged that the structure, so fully developed near the margins of glaciers, may be due to 
a t urning up of the strata edgeways, in consequence of a wide neve being squeezed into 
a narrow channel,—just as a sheet of paper, if forced through a groove loss than itself in 
width, would turn up at its edges. It might also bo urged that the structure developed 
alongside and under the medial moraines, is duo to the placing side by side of them' 
folded-up strata; the perfect welding of both and the clearer development of the struc¬ 
ture being conceded as possible consoquonccs of tho mutual pressure. This indeed is 
Mr. Bail’s view of the subject; and M. Agassiz assumes such a folding-up of the strata 
of the TJnteraax glacier. With regard to the transverse structure also, it might bo said 
that we do not know how the interior of the mass is affected in descending the ice-falls. 
The mind, it is true, finds great difficulty in conceiving of any agency which could set 
the strata which were horizontal above the fall, vertical below it; still this difficulty may 
be due to our ignorance of tbe mechanical conditions of the mass during its descent. In 
this way it would be quite possible to fritter away conviction to a more opinion, and 
hefiob arose a strong desire on my part, either to confirm these surmises, or to place the 
pressure theory, once for all, beyond the power of such attacks. 
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One conclusive observation is still wanting to establish the analogy between glacier 
lamination and the cleavage of slate rocks. In the latter case the arrangement of the 
strata has been traced by then: organic remains; and, indeed, stratification has often 
been visibly exhibited coexistent with cleavage, both crossing each other at a high angle. 
If a similar state of things could be detected upon a glacier, it would at once lay the 
axe to the root of all the scruples above referred to, and place the pressure theory upon 
an unassailable basis. The consciousness of this was sufficient to stimulate me in the 
search of such evidence. 

I had visited all the glaciers hitherto mentioned, and others not mentioned, without 
obtaining more than one clear case of the kind: this case I observed upon the Aletsch 
glacier on the 6th of August. Not far from the junction of the Middle Aletsch glacier 
with the trunk stream, a crevasse exposed a wall of ice 60 or 60 feet in height, upon 
which the stratification was exposed, and cutting the stratification at a high angle were 
the groov ing s which marked the true veined structure. The association was distinct; 
my friend Professor Ramsa y was with me at the time; I drew his attention to the fact, 
and to bim the case was perfectly conclusive. Thus the Aletsch glacier, which had 
been referred to by Mr. Ball as furnishing evidence against the pressure theory, gave 
us a fact, which, as far as I could see, was perfectly fatal to the theory of stratifi¬ 


cation. 

But the case was solitary, and although inspiriting at the moment, its effect upon the 
mind became feeble as time passed, and no repetition of the observation occurred. I 
had remained at the Riffel from the 9th to the 18th of August, exploring all the adja¬ 


cent glaciers, and adding each day to my stock of knowledge; but I met no case in which 
the structure and the bedding were so clearly and independently exhibited, as to leave 
an adherent of the stratification theory no room for doubt. Wednesday the 18th of 
August was to be my last day at the Riffel, and it was devoted to the examination of 
the Fargge glacier, which occupies the space between the pass of St Theodule and 
the Matterhorn. ■ 


Crossing the valley of the Gomer glacier, I climbed the opposite mountain slopes and 
passing the Schwarze See, soon came upon the glaeier referred to.' I walked up it until 
I found myself in a kind of culde sac, flanked by precipitous ice-slopes, and opposed in 
front by a cascade composed of four high terraces of ice. The highest terrace was com¬ 
posed principally of broken- cliffs and peaks of ice, and it had let some of its frozen 
.boulders fall.upon the platform of the second terrace, where they stood like rocking- 
1 figures, on-the .point of falling. The whole space at the foot of the fell was covered with 
of crushed ice* while some coherent masses, upwards of 200 cubic feet in 
fe^icast to a considerable, distance down the glacier. . H : 

gaibf the terraces the stratification of the nevd was beautifuHy shown. 
" taeafrozen plain, quitennd&srfea^ thebedding 

. -first time'at the 

• summit of fa% l«te«felv:we]l defined and beautiful. 
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Towards the right of the fall, looking upwards, this was particularly the case; for here 
no pressure had been exerted upon the beds, sufficient to contort thorn or to luptuve 
their continuity. 

The figure of a vast lake pouring its waters ov or a rocky barrier, which curves con- 
voxly upwards, thus causing the water to rush down it, not only longitudinally cner the 
vertex of the curve, but also laterally over its two arms, will convey to the mind a tole¬ 
rably correct conception of the appearance of the fall. Towards the centre the ice was 
powerfully squeezed; tiro beds were bent, and their continuity often ruptured, so as to 
exhibit faults; but they were as plain, and as easily traced, ns in any other portion ot 
the fall. 1 thought I saw structural groovings running at a high angle to (he stratifi¬ 
cation. Had the question been an undisputed one 1 I should bare felt mre of this, for 
the groovings were such as always mark the structure. The place being dangerous, I 
first observed it from a little distance through my opera-glass; but at length, resigning 
the instrument to my guide, and leaving him to watch the tottering blocks ou'rheud, 
and to give me warning in case of their giving way, I went forward to the base of the 
fall, peeled the grooved surface away with my axe, an d found the true wined structure 
underneath, running, in this case, nearly at right angles to tin 1 stratification. 

The superficial groovings were not uniformly distributed over tin* whole face of the 
terrace, but occurred here, and there where the ice hud yielded most to (he pressure. 1 
examined several of these places, and in each instance found the superficial grooving to 
he the exponent of the true veined structure underneath, tins structure being in general 
nearly vertical , while the lines of bedding were horizontal. The coarse bands which 
marked tho division of the bods wore also soon underneath, when the surface of flu* ice 
was removed. Having perfectly, and with deliberation, satisfied myself of these facts, I 
made a speedy retreat; fox the ice blocks wore most threatening, and the time of day 
that at which they fell most frequently. 

We now resolved to try the ascent of the glacier to tho right; it was much riven, hut 
perfectly practicable to a good iceman. To me it was also perfectly delightful; in fact, 
as regards tho relationship of structure and stratification, this glacier taught mo more 
than all the others I had visited taken together. Our way lay through fissures which 
exposed magnificent sections, and every step forward added farther demonstration to 
what X had already observed at the base of the fall. The bedding was perfectly distinct, 
and the structure equally so, the one being at a high angle—sometimes at a right angle 
—to the other, Among those crevasses the pressure was in some cases greater than on 
the fell, and the structure proportionally more pronounced. The crumpling of tho bods 
demonstrated the exercise of the pressure, and the structure went straight through such 
crumplings, thus famishing me with numerous parallels to the case observed by Pro¬ 
fessor Sedgwick, Mr. Sorby, and others, of the passage of slaty cleavage through con- 
beds. Indeed I question whether the phenomena of cleavage and betiding, in 
i&A wq of slate rocks, were ever exhibited, side by side, with a distinctness equal to 
that of Ratification and “ structure” of ice in the present instance. 
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Fig. 9 represents a crumpled portion of the ice, with the lines of lamination passing 
through those of bedding at a high angle. Fig. 10 represents a case where a fault 

Fig. 10. 



occurred, the veins at both sides of the line of dislocation ah being inclined towards 
each other. The lines mn, rm represent of course the lines of bedding, and the lines 
crossing them the structure. These observations are conclusive as regard the claims of 
the rival theories of structure and stratification*. 

§ 8. On the White Ice-seams of the Glacier du Giant, and their relation to the Veined 

Structure. 

From an elevated point at Trelaporte I observed a remarkable system of white bands 
sweeping across the Glacier du Geant in the direction of the structure. From one of the 
moraines near the junction of the three tributary glaciers, the same system of bands 
present a very striking appearance. They consist of a hard white ice, more resistant 
than the general mass of the glacier, and in some cases rising to a height of three or 
four feet above the surface. On close examination I found that they penetrated the 


gladeronlytoa 


Pig. ll. 



lilted depth, v In fig. H I hava given thjs sections of two of these 


GlaJb? 
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veins, about 15 feet deep, which wove exposed on the walls oi a crevasse high up the 
glacier. They constituted a kind of inverted glacier trap, and I was led to a knowledge 
of their origin in the following way. 

In one of my earliest visits to the base of the iec-fall of the TalMYo, l oLsoned a curious 
disposition of the veined structure on the walls of some oi the crevasses: fig. 1 1 i ('pre¬ 
sents one case of the kind, and fig. 13 another, and numerous siiuilai ones find a place 



in my note-book. In the former case the veins fell bnekmard as well as forward, being 
vertical through the central portion of the curve. In fig. 13 the position of the veins 
varies in a very short distance from the vortical to the horizontal. 

I found that the portions of ice which showed the phenomena, formed, when seen 
from a point of view sufficiently commanding, a part of a system of crumples or protu¬ 
berances which swept round the base of the fall, between tin* moraine which descends 
along it from the Jardin, and its highest lateral moraine. 1 have already referred to the 
protuberances which sweep across the Stralileek branch of the Ijowov Urindelwald gla¬ 
cier, and of those of the glacier of the Rhone: those to which I now refer were oi the 
same character. 

Right and left from the position where the crumples wore most pronounced they 
gradually became subdued, shading off to a mere undulating surface; the sides of a 
crevasse intersecting this surface longitudinally presented the structural arrangement 
shown in fig. 14. It will be observed that tho directions of the veins change in accord¬ 
ance with the undulations of the surface. 

Supposing the squeezing of the mass to become so violent that the gentle undulations 
shall become steep crumples, the deviation of the structure from parallelism with itscll 
would, of course, be augmented. This prepares us to understand the exact phenomena 
observed at the base of the Tal&fre cascade. Rig. 15 represents a series of crumples 
following each other in succession at the place referred to; at tho base of each 1 found 
a vein of white ice, a , a, wedged into the mass. This interrupted tho continuity of the 
structure; the abrupt change in its direction at opposite sides of tho white baud being, 
as shown in the figure, in every case observed. 

I found that the width of the seams was exceedingly irregular, varying, at different 



ON THE VEINED STRUCTURE OE GLACIERS. 295 
PROFESSOR TINDALL ON ItLb vroi^ 

no A T <ar> found tb-ftt U S6&IU 

portion of the «. which thinned gradudly offnn.il 

sometimes became forked so as to iorm 



they finally vanished. Eg. 16 in 
ample of this kind: the seam was divided 

at the point a; one of its branches rmutp W% 

the face of the crumple, thinned off and dis- mm/m/M, 

appeared at h ) the other widened con- //>y y ////////^ 

sMerably, but finally thinned off and also 
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I afterwards traced the seams of white ice of the Glacier clu (leant to their origin 
amid the ridges and hollows at the base of the great ice-fall of Le llognon. In some 
cases the seams opened out into two branches, which, after remaining for some distance 
separate, would unite again so as to enclose a little glacial island; at other place's atera 
branches were thrown off from the principal seam, presenting the form of a glacier 
stream which had been fed by tributary branches. Fig. 17 is the plan of an actual 


Fig. 17. 



stream observed at the base of the ice-fall; tig. 18 is the plan of a seam of white ice 


Fig. 18 . 



observed the same day lower down the glacier; their relationship is evident. I may 
remark that I have observed other seams produced by the gorging of crevasses with snow, 
and the subsequent closure of the fissures. 

Considering the place where they are formed, these channels cannot escape com¬ 
pression; but let me remove all uncertainty on this point, by proving that not only at 
the base of the seracs, but throughout almost its entire length, the Glacier du Gdant is 
in a state of longitudinal compression. 

The first proof X have to offer is that the transverse undulations of the glacier, to which 
reference has been so often made, become gradually shorter as they descend. A series 
of three of them, measured along the axis of the glacier on tho Cth of August 1857, 
gave the following respective lengths—956, 855, and 770 links, the shortest undulation 
being the furthest down the glacier. Now these undulations, as X shall subsequently show, 
are due to a regularly recurrent action, and are doubtless originally of the same length; 
that the lower ones axe shorter than the higher must therefore bo duo to compression. 

The following observation is, however, more conclusive. About three-quarters of a 
twflrt above the Tacul, and to the left as we ascend, there is a green patch upon the 
craggy tAfwnfoin side. From this spot, as a station, X set out with a theodolite a line 
(No. 1) transverse to the axis of the glacier. 
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From a station lower down, chosen in a couloir along which the stones are discharged 
from the end of a secondary glacier which hangs upon the slope of Mont Tacul, I set 
out a second line (No. 2) transverse to the axis of the glacier. 

A thir d line (No. 3) was set out across the glacier about a quarter of a mile still lower*. 
The mean daily motion of the centres of these three lines is given in the annexed 
Table, and also their distances apart. 


Mean daily motion of three points upon the axis of the Glacier du Geant. 

inches. Distances apart. 


No. 1 ... . 20-55 
No. 2 ... . 15-43 
No. 3 ... . 12-75 


2477 links. 
2215 links. 


The advance of the hinder lines upon these in front is most strikingly shown by these 
measurements; and the proof that the Glacier du Geant is in a state of longitudinal 
compression is thus complete. 

Here then we have a vast ice press, and here we have the pure snow fill i ng the trans¬ 
verse channels of the streams. We are thus furnished with an experimental test on a 
grand scale of the pressure theory of the veined structure. In 1857 I examined a great 
number of these seams of white ice, and found in many of them a finely developed lenti¬ 
cular structure. In 1858 I also examined the seams, and found some of them “ rib¬ 
boned ” in the most exquisite manner by the blue veins; indeed I had never seen the 
veins more sharply and beautifully developed. 

This structure was observed in portions of the seams at and near the centre of the gla¬ 
cier, where the differential motion observed at the sides does not exist. This fact, I 
finny, throws grave diffi culties in the way of any theory which makes the veined struc¬ 
ture dependent on differential motion , and more especially a theory which requires “ a 
very considerable amount of this differential motion to produce any sensible degree of 
stratification in the vesicles.” 


§ 9. On the flattening of Air-bubbles in Glacier Ice, and its relation to the 

Veined Structure. 

Those who have given their attention to the subject, know that the bubbles contained 
in glacier ice are, in general, not spherical,, but flattened ; and that from their shape 
conclusions of the greatest import have been drawn regarding the internal pressures of 

.' r A& 4 SSIZ-draws attention to this subject in the following words :—“ The air-bubbles 

undergo no v less curious modifications; in the neighbourhood of the n^ve, where they 
m os t n j artes^q i ^, . those which one sees on the surface are all spheyical or ovoid, but 
by degre^ they i^in to be flattened, and near the end of there axe some 

■ ~'***">*■ ' ' .. ^ ^ edrawing, 

,GG',HH'). 


that are so flat 
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fig. 10, represents a piece of ice detached from the gallery of infiltration; all the bubbles 
arc greatly flattened. Hut what is most extraordinary is, that far from being uniform, the 
flattening is different in each fragment ; so that the bubbles, according to the face which 
they offer, appear cither very broad or very thin. 1 know of no more significant fact than 
this, since it demonstrates that, each fragment of ice is capable of undergoing in the interior 
of the glacier a proper displacement independently of the movement of the tr/io/c. 

“•The same flattening of the bubbles,” continues M. An\,sm, “is found at a greater 
depth. While engaged in my boring experiments, 1 obsenod alfenf i\ely tin* fragments 
of ice brought up by the borer. I found in them almost Hat bubbles, perfectly similar 
to those of the fragment figured above, at all depths from 10 to <>.> metres. It follows 
hence that a strong pressure is exercised on the interior of the glacier. 

The description of the “flattening” here given is correct: all observer# agree in corro¬ 
borating it, and every observer with whom 1 am acquainted draws substantially tin* same 
conclusion from the phenomenon that M. Auarmz does. Professor Thomson's specula¬ 
tion upon the subject is particularly refined and ingenious. 

Mr. John Ball converts the flattening of tlio bubbles into evidence against the 
pressure theory of the structure in the following way:—“ As Aoassiz has pointed out, 
writes Mr. Ball, “and I have frequently verified his observations upon this point, 


though the air-cavities show traces of compression reducing them to the form of flat¬ 
tened lenses, the directions in which they are flattened are most various, and shorn mi 
constant relationship to the planes of the veined structure. Here thou wo have direct 
evidence that separate portions of the ice have been acted upon by pressure sufficient, in 
am ount to modify their internal arrangement, but that these pressures have not acted in 
the same, or nearly the same direction." 

Granting die inference that the observed flattening “furnishes direct evidence” of 
pressure, the foregoing argument would, I confess, he a very formidable one. Tf the 
bubbles are thus flattened by pressure, and if the veined structure, as I contend, be the 
result of pressure, and approximately at right angles to the direction of tho force, we 
ought to have the bubbles squeezed out in planes parallel to the structure. The fact 
that the hubbies are not so squeezed out, would then afford a strong presumption that 
the structure is not produced by pressure. I expect, however, to be able to prove that 
the shape of tho bubbles is not a “ direct evidence ” of pressure, as hitherto assumed; 
and 1 think, as I do so, it will be seen how necessary it is to associate experiment with 
an inquiry of this kind, if we would read aright our observations. 

In a paper in the Philosophical Transactions on the Physical Properties of Ice, I have 
shown that when a sunbeam traverses a mass of ice, the latter melts at innumerable 
points in the track of the beam, and that each portion melted assumes the form, not 
of a globule, but of a flower of six petals. The planes in wliich these flowors are formed 
«ne independent of the shape of tho mass and of the direction of the beam through it; 
they are always formed parallel to the surface of freezing. 

This is a natural consequence of the manner in which the particles of ice are set 
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together by the crystallizing force. By the slow abstraction of heat from water its par¬ 
ticles build themselves into these little stars, and by the introduction of heat into a 
mass so built the architecture is taken down in a reverse order. In watching the 
formation of artificial ice, by the machine of Mr. Harrison referred to in my paper, I 
have seen little solid stars formed, by freezing, which were the exact counterparts of the 
little liquid stars formed by melting. So far as I can see, the complementary character 
of the phenomena is perfectly natural, and presents no difficulty to the mind in con¬ 
ceiving of it. 

When the beam is intense, and its action continued for some time, the flowers expand, 
so as to form liquid plates within the mass. Looked at edgeways, these liquid spaces 
appear like fine lines; which proves that the melting is not symmetrical laterally and 
vertically, but that the ice melts in the planes of freezing much more readily than at 
right angles to these planes. 

If an air-bubble exists within ice, and if the ice melts at the concave surface of this 
bubble, as might be expected from the foregoing facts, the ice will so yield that the 
composite cell of air and water will not be spherical, even though the bubble of air may 
originally have been so. In the planes of freezing the mass yields most readily, and the 
cavity containing the air and water will appear as if fattened by a force acting perpen¬ 
dicular to these planes. This is not a deduction merely, but an observation which I 
have made in a hundred different cases. 

What I have here said applies to ordinary lake ice; but glacier ice has no definite 
“ planes of free zing .” The substance is first snow, which sometimes, it is true, falls 
regularly in six-rayed crystals, as observed by myself on the summit of Monte Bosa; but 
it is usually disturbed by winds, while falling, and whirled- and tossed by the same 
agency after it has fallen; the mountain snow is often melted, mixed with water and 
refrozen. Even after it has become consolidated it is often shattered in descending pre¬ 
cipitous slopes. In such ice definite planes of crystallization are, of course, not to be 
• expected. 

If we suppose a mass of lake ice to he broken up into fragments^ md time fragments 
thrown together confusedly and regelated in their new positions to a continuous mass, 
we have an exact image of the character of the glacier ice in which this flattening of the 


bubbles in different directions has been observed. 

In the. paper already referred to, I have given a sketch of a piece of ice composed of 
such segments, and have described the effects obtained with it. That ice was sold to, 
Me as-Norway lake.ice. I am not aware whether glacier iee is ever imported, into this 
country from' Norway; but if it be, the piece in question must, I think, have belonged 
.to it.-. It is.so like all the glacier ice that I have examined since that iinie, and so 
rinlike all ice, . that' I feel little hesitation in. saying, thua^-. to the 

. den^.simbeTO-^ 01 ^glacier. 
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I have given in fig. 19 a sketch of a piece of i<c taken fioiu the end of the peat 
AUalein glacier, on the Swiss side of the Monte More. {{) 

On reference to M. Aoabsiz’s figure, it will be quite maui- * _ 

fest that we are both dealing with the same phenomenon; /1f\ * T'') 

we have the division of the ice into “ angular fiagmeuts,” 0 •V I -' - ( 

the flattening of the “bubbles,” and the non-parallelism (' l 

of thch directions in the different fragments. Vp ' ~ ’ ^ f ’ ( ,; A 

Fig. 20 is a sketch of a piece of ice which showed the \ ^ ^ < J A 

veined structure. The line AB was paiallel to the v(‘ins, \ <■* - «.» ' A 

and it will be seen that the “bubbles’’arc inclined to this ■ ^ ^ ^ 1 £ 

line at different angles, and in different azimuths. The ^ ^ ^ ^ V M 

circles indicate, of course, that the “ bubbles” weie thoio ^ %% ^ \ ^ J 

parallel to the horizontal face of the slab, while the to 1/ — 

indicate that they were perpendicular. In one case the 

bubbles are seen in plan, in the other case in section. The ellipse's show the bubbles 
foreshortened where their planes are oblique to the surface' of the slab. 

Associated with the air-bubbles, and usually beyond tompaiison 20 
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more numerous in ice taken from the “ends” of glorias, wore the 
round liquid disks which I have described in my paper on the Phj- 
sical Properties of Ice. Associated with each liquid disk was a 
vacuous spot, which shone with exceeding lustre when the sunbeams 
fell upon it. That the spots were vacuous, and not bubble's of air, 1 
proved by permitting them to collapse under watm water; the col¬ 
lapse was complete, and no trace of air arose from them. 

These, I doubt not, are the “bubbles” observed by M. AoAft&iz 
“near the end of the glacier,” and which wore “so fiat that they 
might be taken for fissures'when seen in profile.” 

These “ vacuum disks,” as I have usually called them, wore in¬ 
valuable as indicators of the planes of crystallization. When a con¬ 
densed sunbeam was sent through the mass, the six-pctallcd flowers, 
which always indicate the pianos referred to, started into existence 
parallel to the disks. Consequently, as the beam passed through 
different fragments, flowers were formed, in different planes, along 
the track of the beam. 

True air-bubbles, associated with water, also occurred in these 



masses of ice, and such composite cells were always flattened out in the planes of the 
vacuum disks. 


The fret then is that many of the so-called air-bubbles are not air-bubblos at all, and 
that the so-called “ flattening ” is in reality no flattening at all; and that pressure, in 
the sense hitherto conceived, has had nothing whatever to do with tho shape of those 
bubbles. Fa glacier ice, as in lake ice, their shape is determined by the crys talline 
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architecture. The conclusion that they were squeezed flat seems to have been drawn by 
M. Agassiz, and reproduced by subsequent writers, without due regard to the difficulties 
associated with it. That the pressures of a glacier are so parcelled out.as to squeeze 
contiguous fragments of ice, not exceeding a cubic inch in size, in all possible directions, 
is so improbable, that reflection alone must throw great difficulties in the way of its 
acceptance. 

It is with some diffidence that I here venture to express an opinion upon a question 
that I have not specially examined; but it appears to me probable that the decomposi¬ 
tion of glacier ice into large granules, regarding which so much has been written, may 
be connected with the foregoing facts. The ice of glaciers is sometimes disintegrated 
to a great depth; causing it to resemble an aggregate of jointed polyhedra more than a 
coherent solid. I was very near losing my life in 1857 on the Col du Greant by trusting 
to such ice; and last summer I found vast masses of it at the end of the Allalein 
glacier. Blocks a cubic yard and upwards in volume, fell to pieces to their very 
centres on being overturned; they were an aggregate of granules, whose average volume 
scarcely exceeded a cubic inch. From the constitution which the foregoing observations 
assign to glacier ice, this disintegration seems natural. The substance is composed of 
fragments which are virtually crystallized in different planes; and it is not to be expected 
that the union along the surfaces, though they may bo invisible when the ice is sound, 
is as intimate as that among the different parts of a mass homogeneously crystallized. 
Besides, ice no doubt, and all uniaxal crystals, expands by an augmentation of tempera¬ 
ture, differently in different directions, and hence a differential motion of the particles 
on both sides of one of the above surfaces when the volume of the substance is changed 
by heat or cold is. unavoidable. Such surfaces then would become surfaces of discon¬ 
tinuity, and perhaps produce that granular condition which has occupied so much of the 
attention of observers. 

§ 10. Physical Analysis of th<e Veined Structure . 

The relation of pressure and structure has been shown in the foregoing pages, but 
the mode in which the pressure acts remains yet to be considered. As regards their 
causes, slaty cleavage and slaty structure have been reduced to one and the same; but 
as regards the operation of that cause, no two things can, I imagine, in some respects at 
least, be more different 

In a note at page 386 of the ‘ Proceedings of the Royal Society’ for January 1867,1 
refer to an experiment in which a clear mass of ice was caused by pressure to resemble 
a piece of fissured gypsum, and I there promised the fill details of the experiment in 
due time. In my paper on the Physical Properties of Ice this promise is fulfilled; I 
have shown how a mass of compact ice may be liquefied by pressure, in parallel planes 
perpendicular to the direction of the force, and explained the effect by reference to 
the ingenious deductions of Mr. James Thomson from CaEstot’s maxi m . 

Let the attention now be fixed on the state of a glacier at the base of one of the 
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ice-fells where it is bent so as to throw its surface into a state oi longitudinal compres¬ 
sion According to the above experiments, tlio glacier whoso temperature is 32° Fahk. 
must here bo liquefied in flats, perpendicular to its axis. A liquid comuurimi is thus 
established between all the air-bubbles which ure intersected by any one Hal, and a 
means for the escape of this air horn the glacier is thus famished. The water produced 
is also partially expressed, partially absorbed by capillary attraction of the adjacent 
bubble icc, and partially refrozen when the pressure is relaxed. It is, I think, perfectly 
manif est that such a process, each step of which may he illustrated by experiment, must 
result in the formation of the blue veins*. 


All the experiments and observations recorded in the paper on the Physical Properties 
of Ice were made with reference to the glaciers, aud one experiment there recorded 
illustrates the present point more forcibly than any words could do,—it is that in which 
I have thrown a prism of icc into a stole of compression, which brings one side of it into 
the exact condition of the glacier at the base of an ice-fall, big* 21 is precisely the 


Fig. 31. 



Fig. 22. 

e a 



same as that given at page 226 of my paper, the prism boing placed horizontal instead 
of vertical, so as to show its homing upon the present point moro distinctly. The 
original shape of the pieco of icc is given in fig. 22, which by compression between the 
* surfaces AB and CD is reduced to the shape and condition of fig. 21. The vortical 
lines represent the planes of liquefaction, and they correspond exactly to tko planes of 
the blue veins in the glacier. The application of the same principles to all coses whore 
pressure comes into play is sufficiently obvious. 

In the experiments with the hydraulic press, the portion of ico between each two 
liquefied flats transmits the pressure without sensible yielding. Wo have no difficulty 
in conceiving that the same holds true of glacier ice, and that pressure may bo trans¬ 
mitted through One portion of a bubbled mass of ice and produoe the liquefaction of 
another portion, without sensible distortion of the hubbies contained in the former. 
One of the objections which have been urged against the pressure theory is thus, I con¬ 
ceive, completely answered,—the objection, namely, that the white ice which transmits 
toe pressure ought to have its bubbles flattened. Indeed this objoction continued to 
be of weight only so long as it was imagined that the observed fiat bubbles had boon 
to this shape; a notion, which I think will no longer be entertoinod, 

* ^totohanied actions which accompany the development of ordinary daiy cleavage, must, I think, 
«fo> to some extent in the glacier. 
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§ 11. Remarks on Glacier Motion. 


It is only by slow degrees that we master from actual observation, a problem so large 
as that presented by the glaciers; the muscular labour alone being such as to render 
the expenditure of a considerable amount of time unavoidable. The examination of the 
various questions connected with glaciers, has been therefore, in my case, distributed 
over some years, and not until last summer was I able to devote the requisite attention 
to the subject of the present section, which, however, is essential to a right compre¬ 


hension of the physics of glacier motion. 

It would be a problem eminently worthy of any geologist, to lay down upon a trust¬ 
worthy map of Switzerland the directions of the striae on the rocks over which ancient 
glaciers have moved; and to one who sees its importance and desires exact information 
upon this subject, it must be a matter of surprise that nothing of the kind, in a 
systematic way, has yet been attempted. A suitable map furnished with such lines of 
direction, carefully and conscientiously drawn, would impart more satisfactory informa¬ 
tion than all the volumes that ever have been, or ever will be written upon the subject. 
Here is a piece of work loudly calling for accomplishment, and one on which any young 
geologist may base an honourable reputation. 

Mr. Hopkins, I believe, was the first to urge the existence of roches polies at the ends 
of existing glaciers and along the continuations of existing glacier valleys as an evidence 
in support of the sliding theory. That such facts exist is known to every body, and that 
the rocks are thus ^polished and rounded by the glaciers sliding over them is incontro¬ 
vertible. Let a traveller, if he wish to obtain a wealth of information upon this subject, 
transport himself to the terminus of the Unteraar glacier, and walk thence down the 
valley through which the river Aar now flows. On all sides he will obtain the most 
striking' evidence that the base of the valley was once the bed of the glacier. The rocks 
are polished and striated, and present at some places the appearance of huge rounded 
mounds; which, at first sight, would appear to offer an insuperable barrier to the motion 
of the glacier, but which show by their aspect, that the ice actually moved over them, 
grinding off their angles and furrowing their summits and sides.- All along the valley 
towards Meyringen, similar evidences exist. In faCt> the phenomenon is very common, 


arid admitted on all haudB. - 

The condurion which Mr. Hopkins has drawn from these facts is unavoidable; the 
glaciers must have slidden over the rocks on which such traces are left. To an eye a 
little practised in those matters, the precise limits reached by the ancient glaciers;are 
perfecti|' visible. The junction of the rounded and abraded portions of the mburitaibfl, 
^ jg^rirtrinrLs ; which in ancient times rose over the then e x isti ng ic4> ^>perr 
1 should say in the valley of the Aar, reaches to a he^ht ut- more 
thari.ai fleet above the present bed of the riiky * hi the 

tJahtbh:de i f%^ ' - x 

' < *; 7 y : i as, ^ * - • < * 
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constituted (he bed of an ancient mV; ami the pwmnga tvml polmhings, at the \oyy 
summit of tho pass, show tlmt the ancient neves, m well as the ancient glaciers, slid 
upon their hods. In company with my friend Professor Ramsay, and assisted by his 
great experience, I visited tho silos of otlier anciout neves, and found the same true ot 

all of them; they all slid more or less over their hods. 

No investigator of glamor motion can shut his eyes to those facts, nor refuse to give 
them their proper weight. The eliding theory h beyond doubt to mile e.rfent true ; and 
many of the objections raised ogainBt it, and still repeated in works intended to instruct 

the public, axe altogether futile. 

Here, as m other cases, wo find that tho extreme facts have boon dwelt upon princi¬ 
pally by rival theorists, and coexistent truths have, by partial treatment, been rendered 
apparently hostile to each otlier. It m perfectly certain that a glacier chtmjos itsform 
by pressure lik o a plastic mass, but it is equally true that it siid os ovov its bed* 


§ 12. On tho Mi-bands of tho Mer do (Have. 

In walking over the Mar do Glaoo, we soon observe differences in the distribution ol 
the dirt upon its surface; but while standing on tho glacier itself, no orderly arrange¬ 
ment of the dirty and dean spaces is absolved, From a point, however, which com¬ 
mands a view of a largo portion of tho glacier, it is seen that tho dirty spaces are 
arranged so as to foam a series of broad brown curves, which follow cadi other in suc¬ 
cession down tho glacier. They wore first observed, by Professor Kouhkh from the 
heights of Charmoz, on tho 24th of July, 1842, and from tho sumo place, on tho Kith of 
My, 1857, X observed them. Last summer 1 counted eighteen of them from tho same 
position, and this agrees with the number observed by Professor Foium This agree¬ 
ment, after an interval of sixteen years, proves the regularity of their occurrence. 

These bands were different from anything of the kind I had previously scon, and I 
felt that the explanation given of the “ dirt-bands * observed by Mr. IltfXUfit and myself 
would not completdy account for those now before mo. They wore perfectly detached 
from each other, and resembled sharp hyperbolas with their vortices pointing down¬ 
wards. 

Prom Charmoz, however, I could only see tho existence of tho bands, but could not 
see their origin. To observe this, 1 climbed a summit to the left of a romarkablo deft 
in the mountain range between the Aiguille du Charmoz and Trelaporto, which strikes 
most visitors to the Montanvert, Tho place is that referred to by Professor Foubjss at 
page 84 of the c Travels,’ and which he was prevented from reaching by the firo of stones 
which a secondary glacier sent down upon him. Prom the pilo of stones on tho summit 
I, however, infer that he or some of his guided must have reached the place. Pig. 28 
represents what I observed from this excellent station. 

Ptom )he base of the Aiguille du Gteant and the Periades, a glacier descends which is 
sepffe$bq4 ty ft® Aiguille and promontory of La Noire from the great glacier which 
descehcU^ftm the Cpl du G&rnt. A small moraine is formed between both, beside which 

i 
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the letter a stands in the diagram. The glacier descending from the Col is bounded on 
the west by th e small moraine b^ and between b and the side of the valley is another 
little glacier derived from one of the lateral tributaries. 


Pig. 28 . 



- With regard to the « dirkhande* the following significantfact at once revealed itself 
The dirt-bands extended over thcrt gx/rUon of the Glacier d/a Giant* only which lay between 
the nWrawies a and£, or, in other words, were confined to the ice which had descended 
the great cascade between Le Kognon and. !La Noire. It was perfectly evident that the 

cascade was in some way the cause of the hands. ■ ' - 7 ' 

' 'Which I have already given of the ice-fell of the Ehoheiand. Of^th$ 

, ^of the lewer Grindelwald glacier, applies generaUf tO the f^ of the 

Glacier dtt Theterraces, however, ore here larger,, and tbb 4 >r 6 t^erances at the 

-. baee; bf,4^^jw^pa^ms^ Tb&e near A 


Upon 






Agf |@^^ >^hseqdence of the 
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the toning down of the ridges to rounded undulations which weep in curses across the 
glacier , applies here also. Referring to the section of the glacier ol the Rhone in tig. 4, 
it will he seen that the woid “ dirt ” is wiitteu opposite to each hollow. In fact the 
depressions between the protubcianccs are, to some extent, the collectors ot the line 
supeifloial dirt. This is also the case upon the Glaeier du (fount; hut heie 1 "otuod 
that the frontal dopes of the protuberances were also covered with a tme brown mud. 
Uwer down the glamor tho swellings disappear, but the dirt retains its position upon 
the ice, and afterwards constitutes the dirt bands of the Mci de Glace. 

A re markable change in the form of the bands occurs where tho glacier is forced 
through the nook of the valley at Trelaportc. TVy sweep across the Glacier du (leant 
in g entle carves with their convexity downwards; but in passing Tielapovte the anus of 
the carves arc squeezed more closely logclhor, the vertices are pushed sliarply forwards, 
so that on the whole tho bands resemble a series) of hyperbolas which lend to coincide 


with their asymptotes. 

looking down fiom the Con\orclc upon tho Glacier du lul6fr<', a scries of swellings 
like those upon tho Glacier du Geaut are obsoived. Along the intervening hollows 
streams run, and sand and dirt are collected, forming the rudiments, so to speak, of a 
sciies of dirt-bands; but those latter never attain anything like the precision of those 


upon the Mer do Glace. I saw no such bands upon tho I/ekuud, for lieie the uecessnr} 
ioo-fell is absent: if bands at all exist on this glacier, they must, I imagine, be of a very 


rudimentary and defective character. 

1 will not occupy the timo of tho Society hi describing my various expeditions up tho 
Glacier du G6ant in connexion with those bands { but one circumstance, to which tho 
definite printing of the bands is mainly duo, must be mentioned. Tho Glacier du Goaut 
lies nearly north and south, being only 14 degrees east of tho tme north. Stand¬ 
ing with his back to the Col du Gcant, an observer looks northward, and consequently 
the frontal slopes of the protuberances to which I have referred have a northern aspect* 
They therefore retain the snow upon thorn long after it has been melted from the gene¬ 
ral surface of the glacier. The summer of 1857 was unusually warm in the Alps, but 
its great heat was not sufficient entirely to remove the snow. No doubt, in colder sum¬ 
mers, the snow is retained upon the slopes all tho your round. Now this snow becomes 
the collector of a fine brown mud, which is scattered over tho surfeco of tho glacier. It 
catches the substance transported by the little rills and retains it. The edges of the 
snow still remaining, when 1 was on the glacier, were exceedingly black and dirty j and 
in many cases the entire surface of the snow appeared as if fine peat mould had been 
strewn over it. Lower down the glacier this snow melts, but it leaves its sediment 
behind it, and to this sediment the distinctness of the dirt-bands of the Her do Glace is 


mainly due. 

The regularity of the bands depends on the regularity with which the glacier is brokon, 
and Jhe ridges or terraces formed as it passes over the brow of tho fall. It is the toning 
down |h$9e ridges whioh produces the undulations, which are to some extent modi- 
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fied by the squee zing at the base of the fall; and it is the undulations which produce 
the bands. Thus the latter connect themselves with the transverse fracture of the 
glacier as it crosses the brow of the falL 

In the figure I have given the general aspect of the bands, but not their number. 
Thirteen of them exist on the Glacier du G6ant I may add that the bearing I have 
assigned to this glacier differs from that assigned to it on the map which accompanies 
Professor Fokbes’s ‘ Travels on the Alps,’ and which I had with me at the Montanvert 
The reason is, that on the map the true north is drawn on the wrong side of the mag¬ 
netic north, thus making the “ Declination ” easterly instead of westerly. I have since 
learned that this error is corrected in the smaller work of Professor Forbes. 

It has been affirmed that the dirt-bands cross some of the medial moraines of the Mer 
de Glace, and they are thus drawn upon the map of Professor Fobbes. Were this 
correct, my explanation would be untenable ; but the fact is, that the bands are confined 
to the Glatiei du Gteant from beginning to end. 
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XVI. On the Fossil Mammals of Australia. —Part I. Description of a mutilated Skull 
of a large Marsupial Carnivore (Thylacoleo camifex, Owen), from a calcareous con- 
glomerate stratum , eighty miles S. TV. of Melbourne , Victoria. By Professor Owen, 
V.P.B.S. &c., Superintendent of the Natural History Departments in the British 
Museum ,, and Fullerian Professor of Physiology in the Boyal Institution of Great 
Bntain. 

Received September 18,—Read December 10,1868. 


In a Report, No. X., on the Geology of the Basin of the Condamine River, by the 
Rev. W. B. Clarke, to the Honourable the Colonial Secretary of Australia, dated 14th 
October, 1853, iB the following passage“ It is probable that Mr. Stutohbury, whose 
studies in paleontology fit him for the search, will be so fortunate as to find the remains 
of an animal indicated by Professor Owen*, in the year 1842, of a carnivorous kind, 
for, as he says, ‘ some destructive species of this kind must have coexisted, of larger 
dimensions than the extinct Dasyurus laniarius , the ancient destroyer of the now equally 
extinct Kangaroo, Macropus Titan , &c., whose remains were discovered in the bone- 
caves of Wellington Valley.’ There were some fragments in the immense heap of 
osseous matter accumulated by Mr. Turner, which appeared likely to belong to such a 
carnivorous giant, but they were too small and imperfect to deserve conjectural descrip¬ 
tion. The discovery of what must have existed cannot be altogether incapable of demon¬ 
stration, and, therefore, such a verification of Professor Owen’s anticipation is to be 
hoped for on many grounds.”—p. 6. 

Now, although such verification ins come to hand, I admit that the absolute terms in 
which the anticipation was expressed merit the mild rebuke implied by the italics in 
which those terms are emphasized in the quotation from the * Report * by the accom¬ 
plished geologist of Australia. Eighteen years of scientific experience have engendered 
a more cautious tone in referring to inductive probabilities. 

The evidence of a large carnivorous marsupial, from pliocene formations in Australia, 
reached me not many years after my determination of the still larger herbivorous mar¬ 
supial, Diprotodon amtralisf , which first suggested the idea of the coexistence. That 
* evidence was received in the year 1846 with the accompanying letter from my esteemed 
' friend 4 and correspondent Dr. Hobson, of Melbourne:— , , ^ 

Uk. 1841 .. 

Interior of Australia, * Bvo, 1838, 
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PROFESSOR OWEN ON THE FOSSIL MAMMALS OF AUSTRALIA. 


Bona Vista, Now ’Molbourno, i lit January ISKI. 

“My dear Sir,—I send you, by Captain Burukll of the ‘Achilles,' a box which 
contains some interesting fossil bones, from a lake eighty miles south-west of Melbourne. 
They were discovered and kindly forwarded to mo by Mr. W. Adeney, who has a sheep- 
station on the bonks of the lake. I have since visited the lake, which is called by the 
aborigines * Colungoolac.’ It is very shallow, indeed almost dry in autumn, its muddy 
bottom being covered with a pretty thick deposit of common salt of excellent quality. 
This is the case in most of those in this part of Australia. The whole of this part of the 
country is volcanic, and probably these salt lakes are the deojKT parts ol the ancient sea. 
There is one, however, called ‘ Parrumbat,’ which appears to bo the crater of an extinct 
volcano. Its waters are from eighteen to twenty fathoms deep, with abrupt and almost 
perpendicular escarpments, except at two points, which appear to have been the outlets 
to streams of lava. The sides arc regularly stratified, and consist apparently of con¬ 
densed scoriae. The strata arc singularly undisturbed and perfectly parallel, except in 
those places where large globular pieces of compact lava have fallen, and here their 
direction has been altered, as indicated in this rough diagram. ^ r ^ ^ 

As these are some of the features of the country in which these 
bones are found, I think, perhaps, it may not be uninteresting to mention them. The 
fragment of skull and incisor I hope may bo new to you. 

“ I sent you about a year ago a box of the Mount Macedou fossils, by Captain 
Fordyce of the brig ‘ Athens.' 

(Signed) “ Henry Uobbon.” 


, The fc skull' consisted of the cranial part (Plates XI. XIII. and XV. fig. 1), similar iu 
size and in the development of the temporal ridges and fossco to that of u lion. The 
‘ incisor ’ was a large tooth with a trenchant or incisive crown, implanted, with a small 
tubercular tooth, in a portion of the right superior maxillary bone, including part of 
the orbit and lacrymal bone (Plate XI. fig. l,p and fig. 2). 

The latter specimen gave decisive confirmation of the carnivorous character of tho 
\ fossil, the ‘incisor’ tooth (p *) answering in shape and function to the great sectorial or 
'carnsssiaT (Plate XV* fig. <), and the tubercular tooth (fig, 1, m 1 ) to tho small 

4, fli of the Lfon*; being situated, as in that animal, on tho 
* -of She sectorial tooth.; Fortunately the nasal process of the 
.mariilatyfadiajportion of theskull 0 Likvfhylqcoleo fitted a surface at 
the fore-part dffhe c craftmni nt such a Way a$:to domonstratefhat it formed part of the 
: same skull, cbmpletm^ the behalf. Of the pMt (Plate XL fig. 1,* #}, of which tho 

°f these teeth ^ oriybe.^temJ^^ epecimeTis of young IfyUctijko, diow- 
^ “^Vj^pment and change ofthe dentitioA ^tb 
jp 4 an.4 m I iu Mfa. _ ; 
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The upper sectorial tooth of the foBsil (Plate XI. figs. 1 and 2 , p <) is larger than, 
that of the lar gest Lion or Tiger which I have seen, and than that of the great extinct 
Lion (Felis speloea, Plate XIV. fig. 4, p 4 ). Its antero-posterior extent is 2 inches 
3 lines, that in Felts spelcea being 1 inch 7 lines. The greatest diameter of the upper 
tubercular tooth (Plate XI. fig. 2 , 5), which is at right angles to that of the sectorial 
one, is 7£ lines, that of the Lion (Plate XIV. fig. 4, m 1 ) averaging 6 lines. 

The upper sectorial tooth of the Felines is divided into a 6 blade and ‘ tubercle, the 
latter being developed from the inner side of the base of the fore-part of the crown, and 
being supported by a fa n g which makes an extension of the socket inwards at right 
angles to the rest of the socket. A portion of the fossil tooth has been broken away at 
this part (Plate XI. fig. 2 ,p 4 ), but apparently little more than the enamel; and the 
socket cer tainly shows no inward extension indicative of a ‘tubercle* so large and 
distinct as in the Felines (Plate XIV. fig. 4, p 4 ): the crown of the sectorial in Tkylar 
coleo is thicker here than in the rest of its extent, and has been slightly convex on the 
inside as on the outside of this part of the tooth; but there appears to have been no 
distin ct lobe or tubercle, and I conclude that the crown of the upper great sectorial in 
the Thylacoleo consists exclusively of the ‘ blade.’ The trenchant edge of this is not 
notched as in the Felines where it is trilobate (Plate XII. fig. 1, p 4), but is even and 
uniform, describing a very feeble concavity lengthwise (Plate XI. fig. 1, p »)• In th® 
specimen it has been worn to a sharp edge by the play of the blade of a similar sectorial 
obliquely upon its inner side. The outer side of the crown is convex vertically, wavy 
lengthwise, being in this direction gently concave at the mid-part, convex at each end, 
with min or undulations of the surface near the base. The inner side of the crown is 
gently concave vertically at its mid-part, slightly undulated, but mainly convex length¬ 
wise. The anterior border of the crown is formed by a subdentate ridge, doping 


with a slight convexity downward and backward, in vertical extent 1 inch: the crown 
gradually decreases in this diameter to its back part, which ends in the form of a low 
protuberance. The tooth is strongly implanted by, apparently, an undivided base 
coextensive with the crown. I have not thought fit to 1 mutilate the, unique fossil to 
deter min e the depth and precise character of this imputation. The thickest part of 

.the tooth is 8 lines. ; ' ~' * 

The tooth which most nearly corresponds ;with the-sectorial of Thylacoleo is the 


penultimate upper molar of SdTCOphilus (J)ct>syurwt) wsiwiut (Plate XXV. fig. 2), In this 
tooth the ‘blade’ forms the chief part of the crown; it is concave externally, convex 
internally lengthwise; its edge is, entire, slightly concave; but it is associated with an 
anterior;^ tubercle, wanting in the fossil. i , , A , ; > 

; ’ > pae fafe^ ($. fig. 1, !nti Plate XI. fig. 2, ti) in Thylacoleo is \ph the hmfefr side 

" of arid ^ with the sectorial tooth, but, is almost half au inch iu advance of 

the ; in F^ (Plate XTV- fig. to.that end. In 

principal ^ And a small lobe 

; „ (PlateXL^g,the principal 
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rises to a low obtuse point, with a middh* longitudinal depression bciami two con- 
vcxitics, on the outside: the inside slopes forward gradually to tin' base so as to repre¬ 
sent, and act as, a crushing surface. Besides being relatively huger, this k lubemdar ’ 
tooth is more deeply and firmly implanted than in the Lion, whence is due its preserva¬ 
tion iu the picsont fossil, a circumstance which is very lare in Fvhn spt/art. hi no 
Feline docs this tooth present tlie accessory lobe, as in T/njfmtho. In the piosenee of 
this lobe at the inner end of the crown, the last small molar in Htnrophilu* presents a 
closer resemblance to the same tooth iwThyhtcolt a \ but the principal lobe is nuue pointed 
and trenchant in the small existing marsupial carnivore, and tin* whole tooth is so 
situated that its outer cud is visible in a side view. The tirm implantation ol the last 
small molar, and its shape, are significant of the affinity of ThyUwaUa to timrophilm. 

In the Felines the outer wall of the maxillaiy above the socket of Hie se( tonal tooth 
is perforated by the large mitoibital foramen: it is not so perforated in Thylnroh a. The 
<anal for the suborbital nerve and vessels is relatively smaller in Thyht vulva (Plate XL 
fig, 2,c), and must open Borne way in advance of the socket of the penultimate tooth, us 
it does in Sarcophilus. From that socket to the mbit the outer mu litre of the maxillary 
is smooth and even, first gently concave, then as gently convex: it does not show the 
zygomatic protuberance which intervenes iu Mmvphi/itti. The v ertienl extent of this part 
of the maxillaiy is 2 inches, being neavly the same as in the lion. The border of the 
orbit is sharper and more produced, especially at the lower and fore part ( ih, fig. 1, o'), 


than in the Lion. 

Sufficient of tho palatal part of the maxillary is preserved in this fragment to atford a 
very significant charactor of the nature and affinities of the Thyhtvulva. In most M(truth 
pialia, and in all tho carnivorous species, tho bony pillule is interrupted by largo vacuities 
opposite tho antepenultimate and penultimate molars. In all placental ('tmumut tin* 
bony palate is here entire; it shows, at least, only a small oblique neivo-vaseulav foramen 
at the suture between the palatine and maxillary; and the roof of tin* mouth is extended 
by bone somo way behind the last molar tooth. In the pv(*seut specimen of the Thjfht* 
coleo is preserved the smooth rounded outor border (Plato XI. fig. 2, and Plate* XIV. 
fig. 1, d) of a large palatal vacuity opposite the hinder half of the penultimate tooth, and 
at a distance of 14 lines from it transversely. Such a vacuity extends opposite the 
penulthnato and anlepenultimato molar in iSaroophihut (Plato XIV. Jig. 2). 

1 now proceed with the description of the larger, cranial, portion of tho present fossil, 
before returning to another character in the smaller portion which I regard as decisive 
of its marsupial affinities. The cranial part of the skull shows a broad and low occipital 
surface (Plate XV. fig, 1); the sides (Plate XI. fig, 1) excavated by large temporal 
fossas (tf), with their ridges meeting at a low and short parietal crest (Plate XVI. /'); the 
upper surface expanding, in front of this, to a very broad, almost fiat intororbital region, n. 
The post-orbital processes, », with the zygomatic arches, *?, and. part of the basis crauii, 
are broken away. The extreme length of this portion of skull is 8 inches; tho least 
breadth of the cranium, at tho temporal fossae, is 2 inches 2 lines* 
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The upper border of the occipital foramen (Plate XV. fig. 1) is as broad as in the 
Felis spelcea, and broader than in most of the existing species of Lion or Tiger; it does 
not present the pair of processes that characterize it in those large placental Carnivora. 
Ab the occiput rises from this border it slopes forward with a slight concave curve to 
the ridge,«, s (Plate XIII. figs. 1, 3,8), dividing the occipital from the upper plane of the 
skull: transversely the occiput is concave in the middle and slightly convex on each 
side, with a surface marked by musculo-tendinous insertions; the median depression is 
partly bisected by a vertical ridge (Plate XV. fig. 1,/), on each side of which there is 
a venous foramen. The breadth of the occiput on the level of the upper border of the 
foramen magnum is 5 inches; its height from the same border 2 inches 2 lines. In 
Felis spelcea the breadth of this part is 3 inches 4 lines; its height being 2 inches 8 lines. 
The Sarcophilus (Plate XV. fig. 2) much more nearly resembles the Thylacoleo in its 
low and broad occiput. 

The major part of the basioccipital is broken away (Plate XIV. fig. 1); the anterior 
portion, which has coalesced with the basisphenoid (ib. &), forms with it, not a plat¬ 
form extending horizontally forward, as in placental Carnivora , but a bent surface form¬ 
ing a curve convex downward as it extends forward; this character is seen in the Dasyurus 
maorurus and in many Kangaroos; but the convexity at the junction of the basioccipital 
Hud basisphenoid, s, appears to have been greater in the Thylacoleo. The bape of the 
left occipital condyle, >, remains; and in the fossa anterior to it, are the orifices of three 
precondyloid foramina (g), as in the majority of Marsvputlia , including the Dasyuri; 
they unite to form a single hole internally in the Thylacoleo . In the placental Carnivora 
the precondyloid canal is single at both ends, and commonly opens externally into the 
jugular foramen ( Viverridce , Hyama, Felis), or close to it, as in the Dog. 

The jugular foramen (i) is bounded behind by a notch in the exoccipital, forming the 
margin turned towards the tympanic, us, and which margin is extended further in advance 
of the precondyloid foramina than in the Dog or any placental Carnivore in which those 
foramina do not communicate with the jugulars; in this respect the Dasywn andmany 


other marsupials resemble the Thylacoleo. , ~ . , 

The bones composing the complex framework of the organ of hearing, are strikingly 
different in the placental and; marsupial Carnivora. In the Cat, Dog, Hyaena, Civet, 
Otter, Bear, the tympanic bulla is formed by the inflated petrosal with which the true 
tympanic bone has coalesced; in the marsupials the petrosal rem a i ns comparatively 
small, and is confined chiefly, if not wholly, to the function of a capsule of the internal 
. organ of hearing; the tympanic bulla is excavated in the inflated base of the aUspbenoid; 
A p d 4 tbft,fymp Hn t r. bone itself continues a free and distinct ossicle, which, in theDasynres 
and Thylacine, is a ’small thick semicylindrical canal with smooth obtuse margins, and 
its c^ncav^yibohingbackward and. upward. - ‘ ' 

, On the right ride of the fractured base of the fossil skull in queStioii; the small com- 
-pact pefrosal (Pkltf in the Dasyurus, 

bring ^ooved'lnh&ii^ lower border of the groove 

forming a sharp edgejr ^ foramina 
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auditoria interna pierce tile bone. On both sides the tympanic, sinuses in the tdisplu- 
noid . are exposed; and then- concordance with those in the Dttti/i'ri is very clearly 
exemplified on the left side, in which the tympanic bone, a, is preserved, showing its 
characteristic shape and relative position behind and external to the alisplienoid 

bulla,«. 

The canal of the meatus (k) external to the tympanic, is excavated in the outwardly 
produced base of the zygoma, behind the postglenoid process (/), iov an extent icseni- 
bling that in the Dasyuri, but much greater titan in the Dog or other placental 

Carnivora. 

Another character distinctive of the marsupial order is the position oi the oiilociuotid 
canal (m), which perforates the outer and back part of the basisphenoid, a*: this orifice 
is lodged in a fossa between the basioccipito-sphcnoid and the bulla auditoria in Thyla- 
cinus and Dasynrus {ib. fig. 2, and it presents exactly the same position, and pci* 
forates the same part of the basisphenoid, m Thylacolco• 

In the genus Felis the entocarotid enters the base of the skull at the fore-part of the 
foramen jugulars , notching the part of the petro-tympanic bulla at the fore-part of that, 
foramen. In the Hyrnna, as in the Yiverrincs, the entocarotid notches or perforates 
the tympanic bulla in advance of the jugular foramen close to the side of the basi- 
ocdpital: it perforates the some part of the tympanic bulla in the Otter and other 
Mustelines. 

The foramen ovalo pierces the base of the alisplienoid immediately anterior to the 
bulla in the marsupial Carnivora^ and is divided by a ridge from tho carotid canal iu 
the Dasywrit it presents the some relations in Thylacoleo (Hate XIV. fig. 1, w)» mid the 
,base of the ridge (ib. a) also remains to show the existence of that diameter. 

The interval between the foramen ovale (Plate XI. fig. 1, n) and foramen rotundum 
(ib. p) is relatively much greater in the marsupial than in the placental Carnivora . In 
the genus Felis, they are separated from each other only by the base of the ridge or 
rising of bone, extending from the ectopterygoid towards the glenoid cavity, and the 
, foramen is on the same transverse line with the anterior boundary of that articulation j 
. in. the Hysena, Viverrines, and Dog, it is a little in advance of the same boundary i in the 
ttter j.t opens .externally into a fossa common to it with the foramen lacerum anterius 

tn th a Tlrrl o attia orirl Tlnflvnma thft ■finrarnttn rotutiduM is distinct 




Inthe Thylacine and Dasyures the foramen rotundum is distinct 
t;ihe cmnial cavity from the forwnen lacerum anterius,. and is 

the 



„ A , as itt,Bird8, ^terminate in the skull vsry oloas 
Zoological Twajaacrion^ vob ii, (Octotjeir r 18a$J^p. BflQ., Sftf fll^o 
: 'Vute,woOHat of ike “ IMu' at tie Sue of tie Skull” 
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In the marsupial Carnivora the basisphenoid is relatively longer than in the placental 
Carnivora^ and, at its posterior part, it sends a ridge downwards from that part of each 
lateral margin which is not underlapped or covered by the base of the alisphenoid, the 
suture of which long continues distinct. These ridges, with the alisphenoid, render the 
whole under surface of the basisphenoid canaliculate, or concave transversely: the basi¬ 
sphenoid is flat beneath in the placental Carnivora , and that part of the base of the skull 
is made canaliculate by the development of the ectopterygoid plate from the alisphenoid: 
these plates exis t likewise in the marsupials, but, as they extend backwards to join the 
alisphenoidal bull®, they diverge from the basisphenoid ridges and are external to them. 

Sufficient of the base of our fossil skull remains to demonstrate this characteristic 
m a rsupial structure: the basisphenoid, though convex lengthwise beneath, is concave 
transversely by the production from the lateral margins of its hinder part of the same 
ridges (r, r) as those of the Thylacine and Dasyures, and in the degree of concavity more 
resembles the latter: the commencement of the outer ectopterygoid ridge (s) of the 
alisphenoid is preserved, diverging as it extends backwards from its anterior junction with 
the basisphenoid ridge. 

The sutures between the alisphenoids and basisphenoid still remain, indicating the 


great antero-posterior extent of the former, and the degree to which they underlap the 
basisphenoid, leaving only a strip 2 J lines broad exposed at its junction with the presphe¬ 
noid, o; and gradually diverging as they extend backward, the basisphenoid, a, being 
one inch and a half in breadth at their hinder borders. 

The characters of the base of the cranium here displayed by the Thylacoleo, and the 
greater retention of the typical elementary construction of the skull, would be sought 
for in vain in any mammalian Carnivora , save those of the marsupial order. 

In the placental Carnivora. , the superoccipital region, defined below by a boundary 
lina drawn across the upper ends of the condyles, is almost as high as it is broad, and 
in rising from the foramen magnum it curves slightly backward. In the marsupial 
Carnivora the same region so defined is much broader than it is high, especially in 
the Dasyures (Plate XV, fig. 2); in these'.the occiput is vertical; it inclines a little 
forward from the foramen magnum in the Thylacine, All these characters axe 1 repeated 
in the, ThylacoUo ; the occiput being relatively as broad as in Sarcophilus, and the 
superoccipital doping more forwards than in the Thylacine before it rises vertically to 
the occipital crest; thus departing,in a greater degree from the placental type, and 
manifesting, as might be expected from the superior general size of the skull, in a more- 
■ marked manner, the inferiority of development of the brain. In every .natural group or 
the warm-blooded Vertebratathe brain is proportionally less as the arfimal is 
larger, its osseous case makesa smaller part of the entire skull., V'; v ?• 

. In the mar?npxfri (Jai%ivora the brain is relatively much* smaller than in "the placental 
Camvoroti and the walls ofth,e cranial parity make a. ,smAjler protuherance or 

mivvp.iritv nt the - Inv;the: temarkablB j^cdkpnder comparison, the sides 

J 1^aporal ; theyhave 

-- ■* '* b .'V -/ ■*-! *- c -n - , 


' W ___ " i* r - 

pf the cparnal ckrit^?; 
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been mo ulded solely in obedience to the pressure of the enormous temporal muscles, and 
present a uniform concavity towards the temporal fossae. The cranial walls here 
(Plate TTTTT. fig. i, show as little indication of the brain within as in a cold-blooded 
reptile: amongst the m«.nrmn1iH.n Camiwra the Th/ylacoleo is unique in this respect; and 
in the diminutive relative size of its cerebral organ, it is approached only by the Thylacine 

and the largest existing species of Dasytue. 

In the Das. ursinus the apparent breadth of the cranial chamber is here greater than 
it actually is, by reason of the swelling out of the squamosal above the root of the 
zygoma through the extension therein of tympanic air-cells; and similar air-cells are 
exposed on the right side of the fossil Thylacoleo (Plate XI. fig. 1, c ); but I know of 
no species of placental Carnivore in which the squamosal is so modified. 

Another equally instructive marsupial character is exhibited by the bony outlet of a 
vein (ib. 5), which conducts part of the blood from the lateral sinus to the outer and back 
part of the cranium; this venous foramen is situated behind the root of the zygoma and 
above the meatus auditorius in the Thylacine (Plate XII. fig. 2, 5 ) and Dasyures. A 
similar diverticular vein is present in certain placental Carnivora ,, and has its external 
outlet behind the glenoid cavity and in front of the meatus auditorius, as e. g. in the Dog 
and Otter; there is a s~nia.11 venous outlet on the outside of the tympanic bulla in the 
Cat and Hymna; but in no placental Carnivore is such a venous foramen present behind, 
or piercing the ridge continued backward from the root of, the zygoma. 

In the Thylacoleo this venous foramen (s) is present in nearly the same relative 
position as in the marsupial Carnivora, posterior, viz., to the commencement of the ridge 
or hind root of the zygoma; in the Dasyuxe it is below the upper margin of the ridge; 
in the Thylacine it is posterior to the beginning of the ridge; in the Thylacoleo it is 
posterior and superior to the beginning of the ridge. Thus in the same degree in which 
the Thylacoleo deports in this particular from the largest existing marsupial Carnivora ,, 
it differs from the placental Carnivora, in all of which the foramen, besides its other 
differences of position, is quite below the zygomatic ridge in question. 

The interorbital part of the upper surface of the cranium (Plate XHL fig. 1, n) is 
remarkable in the marsupial Carnivora for its great breadth, especially as compared with 


; that of the cerebral portion of the cranium; the transverse diameter of this part at the 
fid dle and highest part of the upper border of the squamosals is, in the Dasyurus 
- holf the same diameter of the narrowest part of the interorbital portion 

of th£; qrannhn., J^Jhq^eryldon* and Delis syelcea the diameter of the interorbital 
space isone-seventh less than that of the cranium of the Thylacoleo, taken across the 
.same part as in lke jfrasyvru8.:_ -La the Thylacoleo the least diameter of the interorbital 
surface is 2 inches 10 lines J the diameter of the cranium opposite the middle of the 
j tipper border of the squamosals, is Tincht & lines. 1 , 

abroad interorbital platform of the Thylacoleo , with a broad and shallow depression, 
ri jAfetal convexities at ite f anterior half passing posteriorly into an almost 
tq the point where, the temporal ridges (#) meet above; the 

ia f- % ** ..j r ‘ 1 . ’ 
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parietal, forms, in contrast with the contracted cerebral part of the cranium, a conspicuous 
marsupial character of the skull. 

Ie the Thylacoleo the squamosal (Plate XI. fig. 1, xr) extends forward in the temporal 
fossa nearly half-way between the root of the zygoma and the postorbital process, and 
two-third f of the way upward, between the root of the zygoma and the parietal ridge; 
its contour is almost semicircular. In the Felines the squamosal extends a very little 
way, if at all, in advance of the base of the zygoma, and does not ascend half-way from 
that part to the parietal ridge (Plate XII. fig. 1, w). It is only in the marsupial Carm- 
votcl that we find those proportions of the squamosal which characterize the Thylacoleo, 

On the inner wall of the right orbit the fronto-lacrymal suture shows that the lacrymal 
bone, 7 «, was of large size, that it formed the anterior half of that wall, and .extended 
upon the upper part of the skull, forming apparently the anterior superorbital pro¬ 
tuberance, besides extending forward upon the facial part of the skull, as far as that part 
anterior to the orbit has been preserved in the fossil. The lacrymal bone presents the 
same relative dimensions and extent in the largest existing Dasywrus (D. wrsinus), in 
which the lacrymal duct pierces, not the orbital, but the facial, plate of the lacrymal 

bone, and is consequently outside the orbit. 

In the lion, the Felis spelcea (Plate XII. fig. 1), and other placental Carnivora in 
which the lacrymal bone is best developed, it is almost confined to the orbit, its most 
forward portion forming about the middle third of the anterior margin of the orbit, 
where it developes a slight protuberance; its orbital plate, moreover, does not attain 
that part of the inner wall of the cavity where it is so conspicuous in the Thylacoleo and 
Dasyurus, but extends backward along the lower part of the inner wall to join the 
orbitosphenoid. The lacrymal foramen, 7*, is within the orbit. 

The Tkylacims (Plate XII. fig. 2), which retains the marsupial proportions of the 
lacrymal bone, has an intraorbital perforation, besides two antorbital ones, 7 *: in most 
marsupials there , are only the two antorbital lacrymal holes, and in the Dasywri there is 
only one lacrymal foramen, which is outside and in front of the orbit; the Thylacoleo 
(Plate XI. fig. 1, 78 / ) resembles the Dasywri in its single antorbital perforation of the 
laorymal bone, and this is one of the decisive marks of its marsupiality. 

’ The postorbital process has been fractured on both sides; but on the left sufficient is 
preserved to show that the hind and front sides .meet at a right angle, and form a ridge 


at its under part. 

Sufficient of the articular surface (Plate XIV. fig. 1, s) for the lower jaw is preserved 
on the left side of the skull of the Thylacoleo , to show that it had a greater antero¬ 
posterior extent than in Felis spelcea , and was flatter at its fore-part, the marginthere 
riot being so produced: the .same character is shown in Dasyurus wrsmus. The post¬ 
glenoid process is. fractured. 

I am indebted to Mr* Samuel SroTOHBt®Y r F.L.S., for a cpt pf a portion of a right 
ramus 1 of a lowerjawofa largoCamivore, a fossil wfcicjh he oh tailed ^Hodgson’s Creek, 
Darling Downs, during hiBgeological survey of that s district qf Australia in the year 1858. 

mdooohx. 
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This portion (Plate XI. fig. 3; Plate XHI. figs. 4 and 5) fortunately includes the 
carnassial and tubercular teeth, and by the correspondence of these in shape and size 
with the answerable teeth (j? *, m i) in the upper jaw of Thylaooleo (Plates XI. and XTV. 
fig. 1 ), I believe it to belong to the same species. 

The lower carnassial tooth consists only of the ‘blade,’ which is thickest anteriorly, 
with an even trenchant edge, describing a slight concavity lengthwise, and obliquely 
abraded by the play of the upper tooth upon the outer side of the edge. The outside 
of the tooth (Plate XI fig. 3, $ <) is convex lengthwise, and also vertically at the fore- 
part: the inside (Plate XIII. fig. 4,_p 4 ) is concave lengthwise, except near the fore-part; 
vertically it is convex at the base and concave above, the base being slightly grooved 
vertically. The anterior margin of the tooth, which is the highest, is bounded by a 
vertical ridge. The length of the crown is 1 inch 8 lines; the height at its fore-part 
is 9 lines ; the thickness at the same part is 6 lines: the height and thickness of the 
crown diminish toward the back part. The small tubercular tooth (Plate XI. fig. 3 ; 
Plate XIII. figs. 4 and 6 , m 1 ) is immediately behind the preceding: it consists, more 
distinctly than the one above, of an anterior principal lobe and a small posterior one; 
the anterior lobe is convex on both sides, sub conical, with a worn obtuse summit. The 


antero-posterior extent of the crown is 7 lines; the same extent of both the teeth just 
equals that of the upper sectorial, and the lower tubercular is so situated as to play, in 
lateral movements of the jaw, upon the tipper tubercular. Behind the tubercular in place 
there is the socket of a rodimental one, whioh cannot have exceeded 3 lines in its longest 
diameter (ib. m a). Prom this socket the coronoid process begins to rise, eloping upward 
and backward. It is broken off within half an inch of its origin. The fore-part of the 


fossa for the implantation of the temporal muscle is preserved, showing by its depth the 
strength of that muscle; the anterior boundary of the fossa is vertical and convex 
forwards. The ramus of the jaw preserves the same depth from the last socket to the 
fore-part of that of the sectorial tooth. The symphysis (Plate XIII. fig. 4, s) begins 
behind, at a vertical line dropped from a little in advance of the middle of the sectorial, 
it is of a wide oval form. To judge from the oast, hut little of the jaw appears 
to have been broken away from the fore-part of the symphysis. The upper and fore¬ 
part #hows the alveolus and base of a tooth (Plate XI, fig. 8 , c) which has projected 
|^^ly\ 4 pward and forward. It is separated by an interspace of 3 lines from the 
- to be the sole tooth in advance of it. If the ramus be really 

produced let "fee Upper part of the symphyris further than is indicated by the present 
cast, it may have eputamed one Or mcare incisors, and the broken tooth in question may 
; he the lower canine. I£ really the foremost tooth of the jaw, it would 

appear, to be one of a pair of large measure, according to the marsupial type exhibited 
hy iho Macropodida and FMmpMda, However this may ultimately prove to be, the 
in jeach ramus of the lower jaw Is reduced to the enormous sectorial aftd 
J^ercularsand it Would seem, therefore, in the upper jaw, to be reduced; 
A^d jingle tubercular on each side. It is possible that ^ 
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may have existed in the upper jaw as much longer and larger than that below, as the 
upper canine is in the extinct M^ccchcdvodue , But sufficient is demonstrated in the above- 
described fossils to make known the most anomalous dental system in carnivorous Mam¬ 
malia, whether placental or marsupial. 

There is an interesting resemblance between the known dentition of the lower jaw of 
Thylacoleo and that of the small extinct mammal from the Purbeck strata called Fla- 
gumlax by Dr. Falconeb* ; and the resemblance would be closer should the broken 
tooth in the lower jaw of Thylacoleo here described prove to be the foremost one. 
Cer tainly no other known mp-mmal shows two posterior tubercular teeth so simil ar to 
those in PlagiauUx minor , in their relative size to each other, to the trenchant tooth in 
front and to the ramus of the jaw, as does the Thylacoleo . 

The anterior orifice of the dentary canal (Plate XI. fig. 3, o) appears, in the cast, to 
have been in the fossa, on the outside of the jaw, between the socket of the sectorial 
tooth and the one anterior to it. As much of the lower border of the jaw as is preserved 
is straight. Not enough of the back part of the jaw remains to indicate the form or 
direction of the angle. But the lower jaw of Thylacoleo must have been singularly short 
in proportion to its depth and breadth, and a like extreme shortness of the muzzle or 
fecial part of the skull may be inferred. 

With the above-described portions of the cranium of the Thylacoleo , I received from 
my friend Dr. Hobson a portion of a sectorial tooth with one of the fangs. It was so 
similar jn the character of the crown to the great sectorial in place, that I had no doubt 
about the genus to which it belonged, but only as to whether it was a smaller anterior 
sectorial of the upper jaw, or the sectorial of the lower jaw. Mr. Sttjtohbuby’s speci¬ 
men has settled that doubt. The tooth (Plate XI. figs. 4, 5 and 6) is the hinder half, 
with the hinder feng of the left sectorial of the lower jaw. The characteristic mark i ng s 
and undulations or grooves of the enamel, and the thickness of this substance where it 
is exposed by the abrasion of the trenchant edge, are carefully shown in the figures.' 

Tn preiating carnivorous m ammals the ferocity of the species is in the ratio of the 
6 caraassiaiity* of the sectorial molar, i. e. of the predominance of the ‘blade’ over the 
* tubercleand this ratio is shown more particularly in the upper sectorial, in which, as 
the tubercular part enlarges, the species becomes mote of a mixed feeder, and is less 
devoted to the destruction of living prey. From the size and form of the camassials of 
Thylacoleo , especially of the upper one, we may infer that it was one of the fellest and 


most destructive of predatory beasts. 

,uThe metacarpal bone (Plate XIH. figs. 6, 7 and 8) is here figured, as it resembles in 
its shape that of a large carnivorous animal, and may possibly belong to the Thyltmleo . 
The figures preclude the necessity of verbal description. It is fromn freshwater deposit 

in Darling 5 - , , ^ V ■ . 

i Op, the occasion pf a visit to London, in 1848* by the able ephiparative * anatomist and 
' paleontologist M, jPATOjShmufrtft the period when the supposed marsupial character 

,1_i: ictffr 1 ’ 
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of the Pterodon or Eytmodon of the Miocene deposits of Auvergne, Gard, and Vaucluse 
was under discussion, I took the opportunity to point out to M. Gervais certain cha¬ 
racters deducible from the 4 foramen caroticum * and 4 foramen lacrymale' bearing on 
this question, and illustrated my conclusions by reference to the then unique carnivorous 
fossil which I had a short time before received from Australia. 

The estimable author of the 4 Zoologie ot Palcontologie Franqaiscs,’ 4to, 1848-52, 
enters the genus Thylacoleo in the Table of Fossil Mammalia according to their geogra¬ 
phical arrangement*; and in his remarks on those of Australia (NouvelloHollande), he 
writes, “Ses d6p6ts pliocenes ou pleistocenes ont fourai des Grands Kangaroos, un 
grand Wombat *|*, diverses autres espfeces congdnercs do celles d’A present, les genres de 
Diprotodon et Nototh&rwm qui dtaient aussi des Marsupiaux, mais dont les allures et la 
taille approchaient de celles de nos grands pachydennes diluviens, et le Dasyurien, plus 
grand que le Lion, que M. Owen nomme Thylacol60$” 

I cite this passage in testimony of the date of my determination of the marsupial 
nature of the groat carnivorous Australian fossil, and of the imposition of its generic 
name; because the portion ol the lower jaw with the camassial and tubercular teeth of 
the same extinct species, which was obtained by my friend Mr. Stutciibuuy during the 
period in which ho was fulfilling his valuable duties as 44 Geological Surveyor ” of the 
colony of Australia, is alluded to under the name Schhodovi in a Report to the Colonial 
Secretary, dated 44 Darling Downs, 1st October, 1858.” 

If this generic name had had priority of the one given by me to the same extinct 
genus, it must have been suppressed, since Schizodon had been previously applied in 
1829 to a genus of fishes, which still retains it, by Agassiz §; to a genus of mammals 
by Mr. Waterhouse, in 1842; and, slightly modified as Schizodus , to a genus of mol- 
l usks by Mr. King. Of course the two latter applications, like that by Mr. Stutch- 
bury, must fell into the subordinate rank of synonyms. 

The additional fossil of the Thylaooleo discovered by Mr. Stutoilbuey is a very wel¬ 
come one. It was not, indeed, sufficient to guide the Colonial geologist to an idea of 
the order o£Mammalia to which it belonged; and Mr. Stutchbury concludes his brief 
notice of the fossil by the remark, 44 Its affinities had better he left for future discussion, 
as it is probable that further search may bring to light more remains iHustrativo of this 
very singular animal ||.” 

Such remains had, however, been obtained by Mr. Adbney, and had been transmitted 
to me eight years previously; and the chief conclusion as to the affinities of the animal 
to which they belonged, had been indicated by the term ThylacoUo^ i. e, Marsupial ox 

• Op. cit. yd. i."p. 190. 

t That, via., which is alluded to as being “ at least four times as large os either of the known existing 
special,” in my Memoir on the existing Species of PJuuoolomys, of July 1846, Trans, ZooL Soc. voL iii. 

p.80& 

% dp.c&volip, 192. § Selects Genera et Species Piaoium Brasilionsium, 4to, 1829. 

|] Pap erf rftatxye to Geological and Mmeralogical SuryeyB, 1868, p. 10. 
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Pouched lion * 3 which conclusion was based on the characters and comparisons of those 
fossil remains detailed in the foregoing pages. 

A desire to exhaust every needful and available subject of comparison has occasioned 
the long delay in communicating descriptions of the present selection of fossil remains 
of Australian Mammals. 

The concurrence in them of so many cranial characters found only in the Maxsur 
pialia, will be deemed, I apprehend, demonstrative of the marsupial nature of the 
Thylacoleo ; and, amongst pasting Maxsupialia, the Sarcophil/us or Dasyurus ut sinus 
at present the largest fnristing species of its genus—seems to me to have the nearest 
affinities to the Thylacoleo , although the interval be still very great between them. 


Description of the Plates. 


PLATE XI. 

Fig. 1. Side view of the cr anium and part of the upper jaw of the Thylacoleo camifex : 
—nat. size. 

Fig. 2. ftm.de view of part of the upper jaw, showing both the sectorial and tubercular 
molars of ditto. 

Fig. 3. Outside view of part of the lower jaw of the Thylacoleo camifex. 

Fig. 4. Inside view of part of the left lower camassial tooth of the Thylacoleo ca/mifex. 
Fig. 5. Outside view of the same specimen. 

Fig. 6. Upper view of the same specimen. 


PLATE XII. 


Fig. 1. Side view of the skull of the Felis spelwa (from European Bone-cave)half 
nat. size. . 

j 

Fig. 1 a. Outline of the sutures between the nasals, i«, and frontal, n, and between the 
superior maxillary, and the frontal, », showing the backward extension of 
the maxillaries, which distinguishes the Lion from the Tiger-nat. size. 

Fig. 2. Outline of the skull of the Thyladms Ha/msii nat size. 


PLATE XUL 

Fig. I. Upper view of the cranium of the Thylacoleo camifex :—two-thirds nat. size. 
Fig. 2. Upper view of the cr anium of the Daj&ywvc (ScwcopTrilus) u/rsinus nat. size. 
Fig. 3. Upper view of the Cranium of the Thyladmic Harrisii :—nat size. 

Fig. 4> Tiyrida view of part of the lower jaw of the Thylacoleo camifex: —nat. sizer 

Fig. 5. Upper view of the same fossil 1 ' - s 

Fig. 6. Side view of a metacarpal of a carnivorous quadruped; from A^straiian pleisto- 

cene; ^ - ' ■* ^ ~ 

Fig. 7.^^ Froxi^^ \ ' V;\y / 

Fief. 8. Distal end of the same. ? , J ' ^ - * 
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PLATE XIV. 

Fig. 1. Base view of the mutilated fossil cranium of the Thylacoleo camifex :<—nat. size. 
Fig. 2. Base 7 iew of the cranium of the Dasyurus {SarcopMbs) wrsims :—nat size. 

Fig, 3. Base new of the cranium of the Thylacmm Harrim nat size. 

Fig. 4. Part of the palate, with the sectorial (p 4) and tubercular (m 1) molars of the 
Lion (Felis Leo ):—nat. size. 

PLATE XV. 

Fig. 1. Occiput of the Thylacoleo camifex: —nat. size. 

Fig. 2. Occiput of Lasywrus (SarcopMlus) wsirns: —nat. size. 

Fig. 3. Occiput of Thylacmus Harrim :—nat. size. 

Fig.' 4. Occiput of Felis spelcea :—nat size. 

The letters and figures are explained in the text. 
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XVH. On Colour-Blmdmss. By William: Pole, F.B.A.S., F.O.S., Mm . Inst. CJ3 
Professor of Oiml Engineering, University College, London. Commmcated by 
Chables Mauby, F.B.S. 

Beoeived March 24,—Bead April 7,1859*. 


1 . My object in this paper is to state my own case of Colour-Blindness, which I believe 
to be one of the most decided on record 5 and to show that the general phenomena 
attending this defect of vision are more simple, uniform, and consistent than is generally 
supposed. 

2. Some apology is perhaps necessary for a colour-blind person undertaking to treat, 
even indirectly, of the subject of colours; on which the views formed from his own expe¬ 
rience must necessarily be very limited. It is not, however, my intention to trespass upon 
the province of the normal-eyed. All I wish to do is to give a statement, as explicit and 
accurate as I c an , of the facts connected with the sensations of myself and others simi¬ 
larly situated, leaving these facts to be discussed by others more competent to deal with 


them. 

And as far as the correct determination of these facts is concerned, it seems to me 
that we, the colour-blind, axe really in a better position for investigating their nature 


than the normal-eyed. 

Such an investigation must be based entirely on a comparison of the impressions 
experienced respectively by two distinct classes of individuals. The normal-eyed person 
experiences one set of sensations, the colour-blind person a set entirely different; neither 
nan gee what the other sees; and each must therefore draw his ideas of the other*# 
impressions solely from the description communicated to him. , t . s 

Now in such case, supposing it is necessary for one of the parties so far to understand 
both sets of phenomena as to describe faithfully the difference between them, it is 
evident that he will be most favourably situated who can procure the best testimony 
from the other side; and this is certainly the position of the colour-blind. The greatest 


difficulty in d ealing with the subject has been hitherto, and still is, the limited and 
imp erfec t nature of the evidence obtainable from those labouring under the defect^ 
this is natural fbr several reasons. In the first place the number of persons afflicted is 
- very small, only (as far as can at present be computed) about two or three in every 


r J * v .« ' 

-- \ 1 ... - i „ 

• pipe* & m tte jnsin i&nftd'ioth,. former paper by the »eflw^ieoeJrad:Sfone 7 end read June 
19 r 1859 (eee ‘ Prooeedipge,' Tpls lriii. p.'l?2), whibh if tare preeented-;in en abridged and modified flam, 
the eddafobi ' of ffitf nwtOie of some expaimente wifo Erofodsor JttWnmi’e - ooloox-top, made by tbe 
author in the hM 1 '• *^0^-i 
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hundred. Of these again but a small proportion know of their defect; still fewer have 
cared to examine themselves upon it; and there are only a much smaller minority still, 
who, being accessible, have qualified themselves to explain their views in such a manner 
as to represent them faithfully. For it is important to consider that it is by no means an 
easy thing for a colour-blind person to explain his impressions to a normal-eyed one in 
language free from misapprehension; and I shall hereafter have occasion to show that for 
this reason erroneous inferences may often be drawn from perfectly honest testimony. 

But let him be the inquirer instead of the witness, and the case is wholly reversed; 
he may collect evidence about colours in every possible shape, from the scientific investi¬ 
gations of the philosopher to the artless remarks of the child; he need not go far for an 
answer to any question he may choose to put, however abstruse; and as to common facts, 
almost every one he meets is a competent witness from whom he may gather them. 

I conceive, therefore, that the careful and patient investigation by any colour-blind 
person of his own case, supposing him to embrace the opportunities open to him for 
ascertaining clearly and fully the ordinary facts and impressions regarding colour in 
general, is likely to lead to a more faithful representation of the phenomena, than when, 
as is usually the case, the comparison is undertaken by the normal-eyed. 

3. It is not necessary for me to enter into the optical theory of colours generally. I 
only require the means of illustrating, in the simplest manner possible, the facts I have 
to bring forward; and tins,,I conceive, may be sufficiently done by reference to well- 
known colours in ordinary use. And as it is convenient to adhere to some definite 
system qf colout^omen4ature, I propose to adopt, for the purposes of the paper, the 
populartiypothe^ that ifhere ate three primary colours, red, blue, and yellow, by 
combinations of which all hues in nature may be supposed to be formed. 

4 , ' p^ existence of a defect in the eye, which gives rise to an abnormal vision of 
colours, is now well established. Its nature has been discussed, and descriptions of cases 
have been published, within the last few years, by various writers; but it will be suffi¬ 
cient hei*e to refer to the latest and most complete work on the subject, namely, that by 
Professor "W ils on of Edinburgh who has made this defect his particular study. 

5* I)r. Wilson c onsi ders colour-blindness, existing in eyes otherwise normal, as of 



i 

t^ dis cem any,colour, properly so called; so that black and white, i. 6. 

1 ' only variations of tint perceived, Oases of this total blindness 

tocoiour^ fW j^i;^^A; A ; Y - Y’ 

B. Inability to shades (hues) of the more composite colours. 

This is so frequent;astp T jb$ iather;the rule thabthe exception; and more 

than one of our most eminentiartists have* expressed to me their conviction that there 
are very few people who have a perfect appreciation of the nicer distinctions of colour. 
It is, however, probable that this often.arises rather, from want of education of the eye,, 
or Wflnt of ability to describe the impressions perceived,bbtbu combined, theft from , 

,col.OolttiiT^SlindjaeBs^ By Gbobgjs Wrisos) EJ&&K AkK V. 

' '*■ - -vViv'w* 
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any physical defect of the visual organs. My own eyesight is very sensitive to minute 
differences of tone or hue*, in regard to those colours which I can see. 

0. The thir d variety is the only one with which we have now to do. It is a real phy¬ 
sical defect in vision, of a milder character than the first kind, but much more common; 
and its outward manifestation is a natural inability to distinguish between many of the 
colours most marked and distinct to normal eyes. It is yet an open question what 
degrees of severity may exist in this defect; but its most complete form is that called 
dichrm&o vision, of which my own case is a very perfect example. 

6. I was bom in 1814. My eyesight, in every other respect but that of colour, is 
remarkably good. I am very fond of bright colours, and of scenes and pictures that 
contain them. 

I believe I was about eight or ten years old when the mistaking of a piece of red doth 
for a green leaf betrayed the existence of some peculiarity in my ideas of colour; and as 
I grew older, continued errors of a similar nature led my friends to suspect that my eye¬ 
sight was defective; but I myself could not comprehend this, in s is t in g that I saw colours 
clearly enough, and only mistook their names. 

I was artided to a civil engineer, and had. to go through many years’ practice in 
wialritig drawings of the kind connected with this profession. These are frequently 
coloured, and I recollect often being obliged to ask, in copying a drawing, what colours 
I ought to use; but these difficulties left no permanent impression, and up to a mature 
age I had no suspicion that my vision was different from that of other people. I 
frequently made mistakes, and noticed many circumstances in regard to % colours which 
temporarily perplexed me'f’j but I still adhered to my first opinion, that I was only at 
fault in regard to the names of colours, and not as to the ideas of them; and this opinion 
was strengthened by observing that the persons who were attempting to point out my 
mistakes, often disputed among themselves as to what certain hues of colour ought to 


be called. 

I was nearly thirty years of age, when a glaring blunder, persisted in by me in oppo¬ 
sition to the positive evidence of others, led me seriously to suspect that my virion of 
colours must be defective; and this suspicion once admitted, it was soon confirmed and 
strengthened by further observation. I cannot recollect what process of investigation I 
followed, but I succeeded in determining, from my own, case, the general facts now 
known to characterize the defect, and made out its principal feature to be. an insensi¬ 
bility to one of the primary colours. I subsequently became acquainted with the 


♦ X i fl fr the word has always to denote a distinct variety of colour. The variations in id i iTmn ation or^ 
shade which may be given toany hue by its mixture with white or black, I call tons*. 9Jhs light ibnespro- 
duced by dilu ting it with white are teohmcallycalled “ tints•” the dark ones forrae^ by darkening it with 
black are called “ shades.” Thus the addition, tp any pigment, of white or black Wfll bnly alter its tone ; 
the addition of any will altar its j \ r : 

f I recollect in particular^ having wondered whythe boahtifiil rose'light of sunset on the ,Alps, which 
r threw my friends into raptures, seemed all a de c isio n to nte.-' ' ' , ,, 
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accounts of similar cases, and have now the advantage of a large fund of information 
collected on the subject, which enables me to analyse and express my sensations in a 
much more complete way than I could have done a few years ago. 

It will b© convenient first to describe what I may call the sym/ptonis of the malady, or 
the effects it produces on my judgment of colours; and then to endeavour to trace more 
accurately how these effects arise. 

7. The symptoms of my colour-blindness, as manifested by the errors I commit in 
judging of colours, are so varied and heterogeneous in character, that it would bo an end¬ 
less task to follow the usual practice of particularizing the mistakes to which they have 
led me. I therefore prefer stating them in a generalized list, such as it might be sup¬ 
posed a careful normal-eyed person would prepare, who had been exa min i n g me fully, 
and had reduced the result of his observations into the most condensed form. 

Symptoms of Colwr-Blindmss. 

A. Blue and yellow are always perfectly distinguished, even in their lightest or 

darkest tones, and are never confounded with each other. 

B. Only these two colours are soon in the spectrum, the blue corresponding to the 
more, and the yellow to the loss refrangible rays. The red space is seen as yellow. 

C. Bed is often confounded with black, or moro properly grey. 

D. it is dao confounded with orange, and (E.) with yellow. 

P. Also with green. This is the most common symptom of all 
G. Also with brown, (H.) with blue, and (I.) with violet. 

K. Crimson and pink appear to have no relation to the idea of red derived from 
vermilion ox a soldier’s coat. 

L. Bed is frequently identified, when of a full tone, and when the hue is scarlet, or 
some other tending towards orange. 

M. Green is a colour most perplexing to the patient, who cannot be said generally to 
manifest any definite sensation about it at all. 

N. It is not only confounded with red, but also with black, white, or grey. 

O. Also with orange; (P.) with yellow; (Q.) with blue; (B.) with violet; and (8.) 

with brown. 

T. Orange is confounded with yellow. 

V. Yiolet is confounded with black or grey, and (W,) with blue. 

X. light or dark tones of certain colours are more liable to mistake than foil tones. 

8. Symptoms such as these, in their apparently hopeless complexity, furnish all the 
information usually obtained from a colour-blind witness under his examination by a 
normal-eyed investigator. I propose, however, now to go forther, and to state, in a more 
definite and logical manner, what my sensations of colour really are, and how thoy may 
be made to explain and reconcile the anomalous effects above alluded to. 

In doing this it is necessary to have some standard specimens to refer to, and the most 
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convenient for the purpose I have yet met with are the “ Cercles Chromatiques * and 
“ Gammes Chromatiques ” lately brought out by M. Chesveeul*. 

The former consist of ten graduated colour-circles, one representing the full colours, 
the rest the same colours in different darkened shades. We require only the first circle, 
which is divided into seventy-two radial sectors, each coloured with a different graduated 
hue. Three of these sectors, at 120° apart, contain the full primary colours, yellow, 
blue, and red, and half-way between them are the three secondary compounds, green, 
violet, and orange. The intermediate spaces are filled with different gradations, and the 
diagram, therefore, presents a complete re-entrant circle of hues, of great variety, and 

capable of identification with great exactitude. 

For the representation of toned colours, M. Chevbeul has prepared a series of what 
he calls “ Gammes Chromatiques,” each consisting of twenty-two oblong divisions ranged 
one over the other. One division, about the middle of the row, contains a certain full 
colour, which is toned upwards in various shades to black, and downwards in various 
tints to white. The Gramme thus represents twenty different tones of the given colour, 
from the lightest tint to the darkest shade. 

I shall also have occasion to refer to Mr. Maxwell’s method of representing colour- 
sensations in a mathematical form, by the aid of his ingenious “ Colour-Top,” described 
in the Transactions of the Royal Society of Edinburgh, vol. xxi. art. xviii. 

9. I have already stated that my vision is perfectly dichromic; L e. while that of 
normal-eyed persons is compounded of three primary colour-sensations, mine is formed 


of only two. 

This is the usual theoretical manner of defining the defect J but in a practical point of 
view it may be desirable somewhat to modify the definition. The more important 
colour-compounds may be practically considered as giving distinct impressions, and on 
this principle vPe may say, that while normal-eyed persons have seven colour-ideas (red, 
blue, yellow, green, orange, violet, and white), the dichronncally colour-blind have 
only three^ namely, two primary colours, and the secondary one produced by their 

combination. ~ , 

The first mention of the dichromic explanation of colour-blindness is in a letter from 
Sir John Hessohhl to Dr. Daikon, which, though dated 2nd of May, 1883, was only 
published in Hro fs * Life of Dalton * in 1864. I have little more to do than to show 
the application, to my own case, of the theory there so simply and admirably laid down, 
and which I believe has never yet been followed out so completely as is necessary to 
explain the varying phenomena observed. . /' 

IGi lhe first and most positive fact I am cognizant of is, that there are twd distinct 
coloW which I really do see, and which T can at once identify yrith those called, by the 
normal-eyed, #&&and yellow. The pigments .ultramarine and L : chrome-yellow, or the 
parts of the solar iqpeefrpm near the lines D and F excite the colour* 

* Pam,<te Digeou, 65, tile 'perfectly similflr'repro- 

dwtoonofthe :' * ' 
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sensations I am capable of, most fully and completely, and form with each other the 

strongest contrast it is possible for me to conceive. 

I can, of course, never know whether my abstract sensations of these colours arc the 

same as* those of the normal-eyed; but this is of no moment, for we can only judge of 
our ideas by their manifestation; and if I find that I can understand and agree in all 
that is said of blue and yellow by the world in general, and that they can also under¬ 
stand and agree in all that my impressions lead me to say about blue and yellow, I have 
a sufficient proof that I see those colours as others do. This experience is general among 
the colour-blind, who one and all identify blue aud yellow as the colours about which 
they are most certain, and which they never run the slightest risk of confounding with 

each other. 

11. The feet next in importance is, that my ideas of the third primary colour, Ted, do 
not agree with those of the normal-eyed. 

The term red is so indefinite, in ordinary language, that I have had much trouble to 
find out by an example, what is usually considered the pure colour, free from yellow 
on the one hand, or blue on the othoT. Many well-educated persons differ much on 
this point, and I have myself often detected considerable variation between examples 
of red which normal-eyed people havo declared to correspond. I believe, however, that 
the pigment (Wffl&ne is usually understood to bo the best artificial representation that 
can be had of the true unmixed colour. 

Now this red is by no means invisible to mo; it conveys a very marked sensation of 
colour, by which I am perfectly able to identify, in a great number of instances, bodies 
of this hue. If therefore my testimony ended here, there would be no reason for 
inferring that I am blind to red, or have much defect in my vision regarding it. But 
when I examine more closely what I do really see in the cases referred to, I am obliged 
to come to the conclusion that the sensation I perceive is not one that I can identify 
separately, but is simply a modification of one of my other sensations, namely yellow . 
It is in feet yellow shaded with black or grey—a dark yellow. 

This I can prove to myself in several ways. First, I find that among the various tones 
in the gamine of yellow, there is one, namely that numbered 16, which perfectly matches, 
to my eye, the “ rouge” in the drde. Secondly, I can make very nearly this appearance 
of red to my eye, by mixing 1 part by measure of lampblack with 6 or 6 * of chrome- 
yellow powder, so as to darken it to the required tone. And thirdly, I can produce, on 
Mr. Maxwell’s colour-top, a tolerable match to the carmine card, by a combination of 
about 90 parts black with 10 parts chrome. 

12. It may be safely stated, therefore, that what is ordinarily called red, is distinctly 
visible to my colour-blind eye, not as an individual colour, but as a shade of yellow. 

* These quantities ore only given approximately to illustrate the feet; they are very difficult to got accu¬ 
rately; The proportions by miring powders are very different to those required by rotation to produce the 
swpe hue j end even when this has been tolerably arrived at, the quality of the pigments has much influence 
<m the appearance of the match. 
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Now if X follow the Chevreul circle, starting from red, and going round, in the direction 
of a watch-hand,.towards blue, in every division which I pass, the sensation of yellow 
becomes fainter and fainter, and at the same time the darkening shade becomes more 
and more powerful, until very soon the yellow disappears altogether, and nothing but a 
dark grey or perfectly colourless hue remains. This point is still within the limit of 
what may be called fed j and thus I arrive at the fact that there is a hue of red which, 
to me, is, as a colour, absolutely invisible. It is a well-defined crimson, not much 
differing from crimson-lake; and its place on the circle is very near the division called 
“red-violet,” probably the one marked 6 immediately beyond it; and it is perfectly 
matched to my eye by the division 17 on the gamme of neutral grey. I can also imitate 
it by mi-ring about 3J or 4 parts of carmine powder with 1 of ultramarine; or on the 
colour-top, 86 parts of carmine combined with 14 of ultramarine will about match a 
grey compound of 7 white and 93 black. 

This, to me, neutral hue of red is not contained in the spectrum, but lies among the 
hues which are wanting to connect the red and violet ends together, and make the image 
re-entrant. The red end conveys to me a decided sensation of yellow, and the violet end 
a decided sensation of blue. 

13. I can now easily fill up my description of that portion of the circular diagram 
lying between red-violet and yellow. The appearance to my eye of the whole of this, 
simply corresponds with that of the upper part of the yellow gamme, i. e. it presents a 
series of successive shades of yellow, commencing with the full colour, and gradually 
darkening down, by the abstraction of yellow and the addition of black, till it arrives at 
the colourless limit before described. Thus, “yellow-orange” appears yellow slightly 
darkened; “red-orange” or scarlet, still more; carmine-red, again more; and red-violet 
or crimson is all darkness with no yellow at all. The gradations of hue viable to the 
normal eye, are to. my vision represented by gradations of shade only, the element of red 
acting, not as a chromatic agent, but simply as a darkening power*. 

14. The appearance to me of the violet division of the diagram, or the part lying 
between blue and red-violet, is perfectly analogous to that of the part just described. 
The blue I see perfectly, but the various tints of violet- are to* me only darkened blue; 
for example, the “violet” division of the Chevreul circle perfectly corresponds.with 
No. 18 of the blue gamme, which is simply blue+black; and I can make by mixtures 
of powders, or by rotation of the coloured disks, combinations of blue and black which 
shall exactly match others of blue and red. And this of course may be expected to be 
so; for since 1 .have described the effect of pigmental red as only that of a darkening 


(This expression mUBt of course be only understood Be regards the effect obtained in the pigment®} 
what the intensity of direct light, of my red neutral hue, would he, I cannot say. is probable that in 


regard to the degree*# illumination generally, my sensations are normal- m ordinaryobserver a cram- 
son pigment conveys much Jess light than e yellow one j I appreciate the’loss ofdigbt, bnt fail to see the 
aooompimying;^ectjof colour} hence what may he'to him redness and Jartoss combined, is to me dark, 
ness only. J r**?^ \ ' 
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agent, its action, when added to blue, will not be to alter the hue, but only the shade. 1 
Thus, in the diagram, beg inning from the vivid blue and going towards the red, I See 
the blue gradually diminish, and the shade gradually increase, till it meets the red-violet, 

as before, at which point all colour is gone. 

16. I have now gone over two-thirds of the colour-circle, namely, from yellow round 
through red to blue; the remaining third comprising tho huos which to tho normal¬ 
eyed are known as gi'een. The appearances this division presents to the colour-blind 

eye are very simple. 

Starting from the vivid blue, and passing round in the direction of a watch-hand, I 
find the sensation of colour gradually diminish, and an impression of darkness gradually 
increase, until, at about the second or third division beyond “ bleu vert,” the blue has 
entirely disappeared, and nothing is left but a neutral grey, which matches, to me, 
No. 18 on the grey gamme. Beyond this the illumination begins to increase again, and 
at the same time a sensation of yellow begins to enter; the light and tho colour both 
gradually heightening as I advance, until at the division “ jaune” the darkening influence 
has entirely disappeared, and the full normal yellow hue is obtained. 

Thus the appearance, to mo, of the green division of tho diagram corresponds exactly 
with that of the red or opposite one, First, I find one particular hue (full green to the 
normal-eyed), which to me is entirely neutral and colourless, and visible only as a dark 
grey; secondly, all the greens on tho blue side of this neutral are represented to mo by 
shades of blue, and can be matched to my oyo by blue $lu>8 black; and thirdly, all tho 
greens on the yellow side are simply shades of yellow, and can be perfectly imitated by 
faxtesmg this colour. I am, in fact, as totally blind to green as to red; an dement of 
the malady which, I think, has not hitherto received the attention it deserves. 

16. But here a curious question arises, whether these two kinds of blindness have any 
connexion with each other % We have seen that insensibility to red induces also a want 
of perception of its compounds, orange and violet» but can this in any way affect the 
vision of green, a colour into which red can scarcely be supposed to enter 1 

It is difficult to answer the question without assuming something in regard to the 
nature of the colour green. If according to the popular theory, it be supposed to be a 
combination of blue and yellow, our white, which must, as Sir John Hebsohel has 
observed in his letter to Dalton, be produced by the equilibrium of the two colours we 
see, is not in reality white at all, but green 1 Now green is only a colow to the normal* 
eyed, inasmuch as it is contrasted with their white light; but since we know no such 
contrast, we have no perception of green as a distinct colour, and our green, white, and 
grey become synonymous terms. 

It is certainly rather a startling thought that, if this explanation be true, a portion of 
mankind exist all their lives in an atmosphere of green without knowing it; that their 
sunlight is green, their snow green, their grey green; everything in short about them 
green which is not blue or yellow; and the invisibility of white is no doubt a harder 
lesson to be learned than that of red. But this is no argument against the fret; we are 
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in no more anomalous position than any man would be if shut up from his birth in a 
room with green windows; he could form of himself no idea that the light outside his 
prison was of a different hue from that within; he would call it white if he heard others 
do so; and if it were as practicable to open our eyes as it would be his to the true aspect 
of nature, no doubt we should be quite as much astonished as he could be, at what had 
remained so long unseen. 

17. If, however, we ought to consider, according to a doctrine now strongly supported, 
that blue and yellow combined properly make white, and that green is an independent 
colour, we can only accept the fact as it stands, that the colour-blind must be insensible 
to two primary or independent colour-sensations, red and green, instead of to one only, 
as has been generally supposed. 

But since it is very diffi cult for me to conceive that my two colours, blue and yellow, 
are not also independent sensations, the idea would seem to suggest itself of a tdvor 
chromatism in the formation of the normal colour-scale; or at least that/ow standard 
colours must be selected in order to enable us to describe all other colours as mixtures 
of them. This question^ however, it is out of my province to discuss further. 

18. To recapitulate, in a brief form, the appearance to my eyes of Chbvbeul s colour- 
circle, I may describe it as having one point foil yellow, another foil blue, two points 
colourless grey, and all the rest simply different tones of blue or yellow. The 
following diagrams will explain this even to those who have not the colour-circle itself 
to refer to. (See next page.) 

And thus I come back to the statement, that I have only three sensations of colour, 
namely, yellow, blue, and that produced by their combination. 

19. It may be serviceable to those who may wish to compare my case with othrn, to 
state s till more definitely my perceptions of colour according to the mathematical system 
of Mr, Maxwell, before alluded to* 

Proceeding on the principle that all my colour-sensations are compounded of two 
elements, blue and yellow, I take cards coloured with the most perfect examples of these 
I can find, namely, ultramarine and “ pale or lemon chrome*,” and form with them one 
of the circles of the colour-top, while in the other circle I place the colour to be 
matched. I find in this way I can match every colour on the set of cards, by simply 
varying the proportions of blue and yellow; only, since the intensity of the blue and 
yellow combination is generally different from that of the matched colour, white or 
black must be used in addition, to make the resemblance perfect. The colour-circle I 
suppose to be divided into 100 parts. > 

The neutral combination of blue and yellow is, to my vision, as follows:—, " 


* ' ' /' ; ’ (L). $8* Y. -f 61* Ult. = 64 Black + 36 White. ,- . 1 

f V ' _ r i , 1 * , r '" 

Thecombinations for other Colours are— ■ ■ * . \ 

j_ ■«- s- i t . 1 1 ' r 

' * * r "" ^ n ^ / 

,# Theefe experiments wei^iried in December 1868, with a coloTUstop.snd owd* prepared by Mr. Baxsojf, 
Optician, Edinburgh,' ' ;« * j t ^ f 1 *’ 


4 A j ^ ; 
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Yellow side of the Neutral. 

(II.) 62 Y.+ 38 Ult. = 78 Orange chrome + 22 White. 

(III.) 61 Y. + 49 Ult. = 88 Emerald green +12 Wh. 

(IV.) 484 Y. + 514 Ult. = 70 Vermilion +30 Wh. 

(V.) 424 Y. + 574 Ult. = 66 Cannine +34 Wh. 

(VI.) 424 Y * + 674 Ult. = 684 Brunswick gr. + 314 Wh- 

(yellow shade) 

Blm side of the Neutral . 

(VII.) 20 Y. + 80 Ult. = 66 Blue yerditer + 35 Black. 

Now as all colours on the yellow Bide of the neutral are to me only shades of yellow, 
it follows that they may all be matched more directly by yellow only, darkened with 
black or grey as the match of intensity may require. The following are the equations 
thus produced:— 

(VTII.) 60 Y. + 60 Blk- . = 100 Orange chrome. 

(IX.) 23 Y. + 68 Blk. +19 Wh. = 100 Emerald green. 

(X.) 234 Y. + 764 Blk. = 100 Vermilion. 

(XI.) 10 Y.+ 90 Blk. = 99 Carmine + 1 White. 

(XII.) 94 Y. + 874 Blk. + 3 — 100 Brunswick green. 


And similarly for the blue:— 

(XIII.) 70 Ult. + 30 Wh. = 100 Blue yerditer. 

All the yellow colours may be neutralized by adding blue, and the blue ones by 
adding yellow. The following are the equations:— 

* (XIV.)* 73 Emerald gr. +27 Ult. = 704 Black + 294 White. 

, (XV.) 73 Vermilion +27 Ult. =834 Blk. +164Wh. 

(XVI.) 86 Carmine +14 Ult. = 93 Blk + 7 Wh. , 

(XVII.j 87 Brunswick gr. +13 Ult. = 90. Blk. + ID Wh. 

(XV3H.) 68 Blue yerditer + 32 Yellow = 51 Blk* + 49 Wh. 


The following are some equations of red and green matched with each other:— 

(XIX.) 84 Vermilion +16 White = 86 Emerald gr. +15 Blk. 

(XX.) 75 Carmine +10 Y.+ 15 Wh. = 76 Emerald gr. + 24 Blk. 

(XXL) 96 C armine + 4 White = 100 Brunsw. gr. (nearly). 

.The different classes of equations above given may be compared theoretically with each 


other... And?ample Will best show how this is done. ' 1 ' 1 - : 

" Take equation (III.) for emerald green, and add to both side& ,ae, much yellow as 
will neutralize fixe 49 parts of ultrajnaxinC, which, from equation (U} } is found = about 


J 1 


1 - { 1 t/ 


3Xparts. Then ' , ^ ; 

• si T.-H iim w + 81Y - 

MDOCOLH. . . v ? * - s ; ' 
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But by equation (L), ^ ^ + ^ y = w m +29m . ; 

20 Y. + 51 Blk. +17 Wh. = 88 Em. gr.; 

or, wMoh is tlio same thing, 

28 Y. + 68 Blk. + 19 Wh. = 100 Em. gr., 

which is equation (IX.). 

I have in this way tested the whole of the equations both by theory and observation, 

and the correspondence of the two is very satin factory. 

20. I may now point out how easily and perfectly the simple fact of dichromic 
vision may be made to explain all the phenomena, or as I have called them symptoms, 
collected in art. 7, and which appear, when considered alone, so anomalous and con¬ 
tradictory. 

A. See art. 10. 

B. Tho explanation of the appearance of the spectrum is precisely analogous to that 
of the colour-circle. The division between tho yellow and blue colours X believe to be 
about half-way between the lines b and F of Fjuuniiofer. 

C, N, The neutral hues of rod and green appear grey. 

D, E, F, G, O, P, S, T. Since certain hues of both red and green, as well oh all kiwis 
of orange and brown, appear shados of yellow, thoso five colours are confounded with 
each other. Red and green are the two most common colours in nature, and as the 
hues of both most frequently met with, lie on the yellow side of tho neutral, the 
mist aking of red and green is such a universal symptom of colour-blindness as to consti¬ 
tute the “ shibboleth* of the disorder. Bright grass-green and scarlet may bo taken as 
pe rhap s the most common representatives of the two colours, and those, to me at least, 
present almost the same identical shade of yellow. 

TT - The red which is confounded with blue is always crimson, or its light tint pink, 
never any of the scarlet or orange varieties; and it is obvious that any of the red hues 
on the blue side of the neutral will be seen by the colour-blind only as blue. With 
regard to pinks, it would appear that diluted or thinly applied crimson dyes give 
generally a bluer impression than tho full colours. For examplo, ta k i n g the gamme 
of red-violet, and comparing it with that of grey, I find that No. 8 of tho former will 
perfectly match No. 10 of the latter, i* e* No. 8 of the crimson scale is to mo neutral 
and colourless. But all above 8, i. e. all the fuller tones, decidedly incline to yellow, 
and all below, i. & all lighter tints, as decidedly to blue; so that, seeing Nos. 2 or 3 alone, 
I should have no hesitation in calling them blue, though of a very dull and imperfect 
kind. And it must be observed that the blue for which the colour-blind mistake crimson 
and pink, is always described by them as dirty and faded; never so decided as to stand 
. comparison with the pure colour, even diluted. I am told that the circumstance of 
certain coloured substances appearing to change in hue when reduced in thickness or 
diluted, is one familiar to the normal-eyed. 
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J. Violet being to us only dark dull blue, its confusion with crimson, and that of its 
tint lilac with pink, come under the explanation above given. 

3L The remark, first made by Damon, that crimson and pink appear to have no 
relation to the idea of red derived from vermilion or a soldier’s coat, must now be per¬ 
fectly intelligible. Crimson appears dark grey, pink dirty blue, but scarlet is a very 
decided yellow, and these are therefore as unrelated to*-each other as the yellow to grey 
of normal eyes. 

L. All scarlet hues of red are very distinctly visible as dark yellow. 

M. The hopeless perplexity into which the colour-blind are thrown in regard to 
green may be easily inferred from art. 15. It is to them what white or grey.is to the 
normal-eyed, i. e. it represents no colour at all. The only cases therefore where it 
becomes v isib le as a colour, are those where it has a preponderance of yellow or blue in 


its composition. 

Q, R, W. All violets, and all greens on the blue side of the neutral, appear dark blue. 

V. If the red element in violet is much stronger than the blue, the latter may be 
overlooked, and the hue will then appear colourless or grey* 

X This only applies to compound hues, in which the blue or yellow element (which 
a lo flA gives the appearance of colour to our eyes) is often present in quantities so small 
as scarcely to bear toning without becoming imperceptible. With the simple colours 
blue and yellow, I believe our vision is quite as acute as that of the normal-eyed, even 
for the faintest or the darkest tones. 

21. Having now described my own case, the question arises how far this conforms 
with other instances of colour-blindness, and to what extent it may be considered as a 


type of the defect in general. 

It will be impossible for any one to examine the various cases on record without 
noticing many points of strong resemblance to the characteristics of my own vision, as 
enumerated in art, 7; but I am not aware that, till now, the whole of these varied and 
apparently incongruous symptoms have ever been represented as combining in one 
person. Each individual has contributed his portion to .the list, by felling the story of 
his own experience; but I scarcely suppose it has been conceived possible that"any case 
should exis t which would comprehend them fill together, or that phenomena so different 
could be brought under any simple law. Hence an opinion has prevailed that there are 
many varieties of colour-blindness, differing much in character as well as in severity, 
each being denoted by its own peculiar symptoms, and each therefore requiring special 

classification. ' f 

. Professor Euh .Waetmann of Lausanne, in a paper on Colour-Blindness, translated in 
Taylor’S Scientific Memoirs for 1846, after enumerating several different classifications 
of the disease given by different continental authorities, appears him self to.be of the 
opinion that there are as many varieties of the defect as of indiriduals who are affected 
with it, so that 

-Dr. WILSON 


, as he expresses ^ no qlassifipation is possible^ 

does hot 08868 M 
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much in severity, and inclines strongly to the opinion that the number of instances 
where the vision is perfectly dichromic, i e. where the true sensation of red is altogether 

imperceptible, are very few. 

It is with diffidence I would dissent from the opinion of such an authority; but as 
this is a point confessedly obscure, I do not hesitate to record my own impression that 
the cases of perfect dichromatism arc much more common than Dr. Wilson supposes, 
and that, in fact, the majority of cases where well-defined symptoms occur, may be, and 
probably are, purely dichromic. 

22. The opinion in favour of the varied character of the disorder is doubtless suggested 
by the nature of the testimony; for on examining it closely wo discover differences in 
the descriptions which would seem to indicate considerable variety between the sensa¬ 
tions of different parties. But granting, without hesitation, that each individual may 
have faithfully described what he thinks he sees, there are some considerations which 
must ever render it necessary to uso great caution in interpreting the testimony of the 
colour-blind, and which, if not allowed for, may load to the deduction of very erroneous 
inferences from what they say. 

23. In the first place they must be very liable to associate, almost indissolubly, the 
true normal name of a colour with the sensation it conveys to their minds, what even* that 
sensation may be ; and they may therefore easily bo led to speak of that colour as if they 
saw it like other people, although the sensation they refer to may bo really of quite a 
diffoient natuxo to that which the name implies, A colour-blind person will be espe¬ 
cially loth to believe that certain colours, which he hears about and talks about every 
hour of the day, can be invisible to him. Objects of those hues will probably present 
to his mind some ideas of colour (though not the trno ones), and he may naturally 
imagine therefore that he does see them, and may give his description accordingly. 

Anri this source of error is very much enhanced by the fact that it is not an easy 
matter always to refer different tones of any one colour to the same colour-sensation; so 
that a modification of tone, if considerable, may be easily supposed to be a different 
colour. The sensations excited by the higher, the middle, and the lower divisions of 
any one of the ** gammes chromad/pies’* axe so different from each other, that it requires 
no small degree of reflection and judgment to be able to identify the difference as due 
to black or white only, independent of any other colouring agent. 

I believe this difficulty is also felt by the normal-eyed, and the popular nomencla¬ 
ture of colours furnishes illustrations of the fact, different tones of the same colour 
having often different names, and being treated as separate colours. Pink and crimson, 
lilac and violet, are well-acknowledged examples of this; and a dark shado of orange is 
called brown, which generally passes for a separate colour. Persons not well versed in 
the principles of colour, are often reluctant to admit that theso variations of tone are 
really the same hue. Hence we may easily see what a great probability fchcro is that 
the colour-blind may acquire the habit of attaching the names of different colours to 
what are in reality only varieties of the same sensation; and as this habit dates from 
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their infancy, and is encouraged by their every-day communication with the world, it is 
much more difficult to get rid of than might be supposed. The sufferer may find him¬ 
self continually blundering, but he must go through a very rigid self-examination before 
he can trace this to the fact that some of the principal ideas he has all his life held upon 


colour are mere delusions. 

Taking red as an example; it is in the highest degree natural that persons who are 
continually seeing this colour under the appearance of dark yellow, should imagine that 
the latter sensation (which is certainly very distinct from that of full yellow) is what 
corresponds to the term red, and the notion that they cannot really see red at all is one 
they may have the greatest difficulty in comprehending. Hence the very general asser¬ 
tion by the colour-blind that they do see red, an assertion which I think has been far 


more readily accepted than it ought to be *. 

My own experience is very decided on this point. It is only after long and careful 
investigation I have come to the conclusion that my sensations of colour are limited to 
blue and yellow. But before I found this out, that is, for nearly thirty years of my life, 

I firmly believed that what I now know to be only differences in tone of one or other of 
these, were different colours, and hence I was in the habit of t alkin g of red, crimson, 
scarlet, green, brown, purple, pink, orange, &c., not of course with the confidence 
of the normal-eyed, but still with a full belief that I saw them. If therefore at that 
time any scientific man had examined me, I should have given him a description of my 
case which I now, after more careful study, know would have been entirely wrong. I 
should have told him 3 among other incorrect statements, that I saw red objects of a 
full tone, such as vermilion, soldiers’ coats, &c., perfectly well; and I could, if necessary, 
have supported my assertion by naming correctly a great variety of bodies having 
this colour, which indeed I am in the habit of doing every day. It would have been 
inferred, with great appearance of truth, that I was really impressible vrith the red 
sensation; but I now see what an erroneous inference this would have been. 

24. Another source of confusion in interpreting the descriptions of the colour-blind, 
is the want of due appreciation of the different sensations that may b® produced' on 
their minds by modified hues of the same general colon* The normal-eyed person con¬ 
siders green, for example, as always green,, whether it he yellow-green, neutral green, or 
blue-green; whatever the particular “ shade of green,” as it is called, it still has in his 
eye the distinguishing character of grwimss, which cannot be hidden or disguised by 
any predo minan ce of blue or yellow it may 1 contain. But with the colour-blind this 
identifyin g , characteristic of greenness is wanting; and hence several patients* .speak¬ 
ing of green, may, by each having reference in his own mind to some ^different hue 
' of the colour, describe it in the most contradictory terms. One may saywith perfect 
sincerity, that green appears to him like red, another that it looks yeBow, a-third blue, s 


r -X __ .*■ “ v 1 

► Bed is,a more wmmidkm than dark y&IW, tfid coWtlind, of the 
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a fourth black, a fifth orange, a sixth violet;—from which the normal-eyed examiner, 
impressed with the unity of greenness, may naturally infer that each person is suffering 
under a different species of the disorder; while by proper interpretation these anomalous 
descriptions would only convey the expression of one consistent truth, and one perfectly 

uniform defect of vision. 

26. Guided by these considerationsj as arising out of my own experience, I have care¬ 
fully examined all the published cases accessible to me, and I generally find that I can 
understand and enter fully into the feelings of the witnesses j can put myself in their 
places, and see, as it were, with their eyes; and, recollecting what my ideas of my own 
sensations once were, I feel I can adopt by far the greater part of the testimony as 
my own. The explanation of my case comprehends and accounts for, with trifling 
exceptions, the whole varied range of symptoms described by others; and I think there 
are fair grounds for believing that the few discrepancies that exist are but apparent, 
and admit of being satisfactory explained away, on the grounds above alluded to. It 
appears to me, therefore, a reasonable inference, that the great majority of cases of 
colour-blindness hitherto described, correspond in general nature with my own. 

26. And I think there must be great difficulty in finding any hypothesis, except that 
of perfect dichromic vision, which will satisfactorily account for the facts observed. 
Take for instance the most common symptom, the confounding of red and green. If it 
be assumed that either of the colours presents its proper sensation to the colour-blind, it 
is difficult to avoid -the inference that this colour ought always to be recognised; but 


this is not so, red and green being generally both mistaken. * ■ 

It bas been sometimes thought that red may be visible only in a partial degree; but I 
can scarcely conceive what a partial vision, of red can mean, or what mistakes of colour 
it ought to give rise to; for it would be only a perversion of language to say that red is 
partially visible when it appears yellow, green, or grey. If red is really the most positive 
and individual of all colours, as it is usually described, one would think that any percep¬ 
tion of its true sensation should lead to a much more perfect and 1 consistent identifica¬ 
tion of it than-is generally found in the colour-blind. I am not only sure of my o'wn 
' -insensibility to red, but I cannot see, in the testimony of other colour-blind persons, any 
'%tisfectory t evidence that the true sensation of the colour is really perceptible to them. 


proof of tjSs snppojatit^orithati if admitted, it would afford, any sufficient explanation 
of the phenomena.': V, V* * r - . ^ 

It would be desirable to diteef &rther inq this part of thesubject, in order 

' to discover whether, the apparent varieties in the causes aremerely due to the nature of 
the testimony, or whether they really indicate true variations in the character of the 
" the latter, it would surely not be difficult to reduce them to some, kind of 
iqation, and to determine, with more precision than hitherto* what are 
perceptions causing the different classes of symptoms observed - f 
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Postscript. 

Since the foregoing paper was written, I have had the opportunity of examining three 
colour-blind persons, and have found that the vision of each is perfectly dichromic, 
corresponding precisely in general character with my own. But the remarkable feature 
has presented itself, that the coefficients of the colour-top equations vary considerably in 
the different cases. Thus, for example, although my equation XV. will always hold in 
its general form, 

m Vermilion-f-w Ult.==p Black+S' "White, 

yet the values of m, w,jp, and g will vary for different individuals. 

I have also found reason to suspect that the values of the coefficients may vary to 
some extent, even in the same individual, at different times. 

I hope to investigate both these points more fully. 

October 1859. 
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XVIII. On the Ova and Pseudova of Insects. 
By John Lubbock, Fsqr., F.B.S., F.L.S ., F.G.S. 


Eeceived November 10,—Bead December 9,1858. 


Ip, in his celebrated work on “Alternations of Generations,” Professor Stjbensteup has 
not succeeded in explaining the phenomena of asexual reproduction, he has at least the 
great merit of having brought together many interesting observations, the relations of 
which had remained unrecognized up to his time. The value of his suggestions is well 
shown by the number of memoirs which in the last few years have appeared on this 
subject, and by their having produced a discussion in which almost every naturalist has 
taken some part. It is, however, perhaps not going too far to say that as yet no 
satisfactory explanation of the phenomena has been suggested, and that we are now 
just as far from knowing as we were twenty years ago, what are the different conditions 
under which some eggs remain undeveloped unless they are brought under the influence 
of the spermatozoa, while others contain within themselves the power of producing 
young without the necessity of any external stimulus. Still, though we have been 
unable to obtain any insight into the philosophy of the subject, we have in this period 
collected together a great mass of facts which will perhaps ere long lead us to some 


satisfactory conclusion. 

In a paper; “On the Double Method of Reproduction in Da/plmia*,” I lately 
endeavoured to show that eggs and buds are in fact identical, that they axe the two 
extremes of a long series, and that therefore every intermediate gradation between them 
will probably exist or has existed in nature. I however suggested that it would pro¬ 
bably “be convenient to apply some distinguishing name to those eggs which do not 
require impregnation as a necessary antecedent to development, and Professor Huxley 


has since proposed to call them Pseudo'ya^. 

This name seems to me very appropriate, and I intend therefore to adopt it, merely 
repeating that we cannot, in my opinion, draw any definite line between eggs on the 
one hand and pseudova on the other, and that in the Bee and many Lepidoptera the 
same body is capable of becoming either the one or the other. ■ 

In the above-mentioned memoir, I described at length the development of the agamic 
or |feudova, of Ba/phnia^ in order to show that it is essentially the same as that of the 
ordinary' eggs of a. Cetacean* Professor Huxley, however, has since presented to' the 
Iahne an Society^ an / excellent work-on the ova and pseudova of add shown that in 

this genus at least there are hnportAnt diffefences between the ovaridn development of the 
'ova. a nd thafbf the SGKJslledjinti T\a*wWLYt*«r r Bn mWgested to me that it 

* PhfioflophioaJ * 

MUCCOLIX. , ' _ *“ 
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would be desirable to examine the formation of the ova in Coccus hespendnm , an insect 
which, according to Dr. Leydig* offers in this respect several veryremarkable peculiarities. 

This investigation was completed, the drawings were all made, and the results written 
out almost exactly in their present form, by the beginning of June last, but I delayed 
the publication of them, in order to present at the same time some observations on the 
pseudova of Cynips and on the ovarian ova of the Ihsecta generally. 

In the mean time Professor Leuckabt published a paper on the same subject in 
Moleschott’s 8 Untorsuchungen zur Naturlchre des Mcnschen und dor Thiere for 
1868f, in which he anticipated the greater part of what I had to say about Coccus. It 
was, however, very satisfactory to me to find my observations confirmed by so eminent 
a naturalist, and the more so as in a great many points the descriptions and conclusions 
of Dr. Leydig seemed to me to be inaccurate. Although, therefore, most of the follow¬ 
ing description of the development of the pseudova of Coccus agrees with what has 
beon published by Professor Leucjkart, yet when two such eminent anatomists came to 
\ery different conclusions, it seemed to mo that the results obtained by a third observer 
wero worthy of publication. 

It is well known that in Aphis the self-fertile individuals arc viviparous, and the 
differences which have been pointed out by Professor Huxley, and more rccoutly by 
Professor Leuckart (l. c.), between the dovolopmont of the ovarian product in the 
oviparous and viviparous forms, depend perhaps more on the different nature of the 
body that is to be produced than on tho prosonco or absence of impregnation. According 
to Professors Huxley and Leuokart, tho vitoUigenous cells are vory distinct in the 
oviparous Aphis,, while they are not developed or are inconspicuous in the viviparous 
form. The latter is, I believe, the truo state of the case; it is admitted that there are in 
the upper chamber of the egg-tubo in the viviparous form, certain round cells, originally 
identical with the one which has developed itself into the germinal vesicle, and I con¬ 
sider these to represent the vitelligcnous cells. 

In Coccus also wc have one spedes, 0. persiccs, which is truly oviparous, and in which 
the eggs when laid do not contain an embryo, while in Lecamm Jmperidwn tho pseudova 
are rapidly developed in the ovary, and when laid contain a fully-formed larva, which 
emerges from the egg-shell in a few hours. This latter spedes is therefore very nearly 
viviparous. Now it is remarkable, that whereas in the oviparous C. persicco the vitel- 
ligenous cells (Plate XVTII. figs. 11 & 12) are very conspicuous, in C. hesperidim they arc 
often with difficulty perceptible. Acetic add generally renders their walls visible; but 
if an ovary is examined in syrup, the majority of the egg-tubes show hardly a trace of 
the vi tellig enous cells. In order, however, to compare the formation of the pseudova in 
Coocus and Cynips with that of the ova in insects generally, it is necessary to givo an 
account of the latter, because up to the present time very little has boon written on tho 
suhj$ot r and that little is almost unknown in this country. Thanks, indeed, to the 

Jk , * Apdbfr ftty 'WisBoaa. %ooh Bd. v. p. 1. 

Zm Kenntdss des Generation sweet sola und der Parthenogenesis bei den Insekfcen. 
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indefatigable labours of M. LtfoN Dufoue and others, we are tolerably well acquainted 
with the external form of insect-ovaries, but very few writers have paid any attention to 
the histology and internal structure of these organs. In this country, indeed, Dr. Allen 
Thomson* is alm ost the only one who has written on this matter, and he was so limited 
in time and space, that he was unable to enter at length into this portion of his subject. 

I propose, therefore, first, to give an account of the process of egg-formation through¬ 
out the Insecta, and then to describe the pseudova of Coccus, Cynips, and Solenobia, in 
order to show that, as far as we are yet acquainted with these secrets of nature, the two 


processes are perfectly identical. 

In all female insects there are two ovaries, each generally consisting of several egg- 
tubes opening into a common chamber, called the uterus. At its posterior end the uterus 
contracts into the oviduct. The two oviducts converge to the middle line of the body, 
where they unite to form the egg-canal, to which various appendages are usually 
attached. The upper or anterior end of each of the egg-tubes is kept in its place by a 
connecting filament, which is generally attached to the dorsal vessel, either separately 
or after having united with the other filaments belonging to the same ovary. 

The egg originates and generally attains its full size in the egg-tubes, which differ very 
much in different groups of insects. In all the large orders, except perhaps the Lepi- 
doptera and Heteroptera, we find some species in which they are very few, and others 
in which they are very numerous, as, for instance, among Coleoptera, in Lytta vesicato- 
riaf; among Orthoptera, in Acheta domestica; among Neiiroptera, in Libellula; among 
Diptera, in the Tvpulidce and CklicidcB ; among Homoptera, in Coccus; and among Hyme- 
noptera, in Apis mellifica , which has about 170$. 

On the other hand there axe, among the Coleoptera, in IAxus§ and AuthonoTTius §, only 
two, i&Mypophlms^ and Lcrihridius porcatus || only three; among Orthoptera, in which, 
on the whole, they axe-most numerous, a small species of Locusta had only six; among 
Neuroptera, Psom has only five; among Diptera, Melophagus has only two^f; among 
Homoptera, Schistonewra comi** and Aphispadi** have respectively onty two mid three; 
and amo ng Hymenopteia, in Chelofius only two; and even-in Apis Tnellijica the workers 
have only from two to twelve, the general number being five or six’f'f. 

A very r emarkab le instance of this difference occurs in the ForficufadcB, in Which family 
F. au/ricularia possesses a large numb or of very short egg-tubes, whilst Jj&bidura giganted 


has only five, which however are much longer $$. 

According to Bitrmbistee 6§, the ovaries in Ephemera and Strationvys are simple bags 

■ X ■> 

4 ' * Tonn’s Encyclopaedia, Article ‘ Ovum.’ \ > 

- < ^ LaookojlikBj Introduction to Entomology, voL ii. p. 838. 1 \ <■_ - 

+ tmtikAiteX, 6 * p. 421. § Fbbi and Lsroxan*, .Lehrftficih. aw'Zootomie/ 

' Jfe^kekmg dor Pnpiparon, pi A ^ . X - ''vxVj^Tv' ' ' 

L _ ^ ." 1 j i ' X T ' __ 421: ^ 

# _ ^ ± *Ai » b'JT+Mu . ■** X -'Mobil..; t ^ JZ( . ^ x f 3 - 
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in which the germs of the eggs arc contained. This form of ovary, if it did really exist, 
would be a type entirely aberrant from that of the Insccta generally. Buumeistee, 
however, adds, that “egg is linked to egg by an exceedingly fine filament;” and L&jn 
D u four* gives a very different description of the ovary in Ephemera. Each ovary, he 
says, consists of a prodigious number of small egg-tubes inserted into the superior wall 
of a common calyx or uterus, as is the case in I/ibellula. I have little doubt that this 
account is correct, and that in Stratiomys also the egg-tubes arc in reality present, but 
have been overlooked. 

The number of egg-tubes is most constant in the Lcpidoptcm, almost all of which 
possess fourf. Pterophonus, however, is said to have only three 

The Heteroptera also vary but little in this respect. Uydmnetraf, Aradits $, and 
Qerris have four; Nepa and Ranatra § five; Notonecta f six or seven; Coreus^ Penfa- 
toma§, Alydus §, Scutellerafy, Pyrrhocoris §, Lygam §, Cimew), Redmus §, Pelogmms §, 
Corixa and Nixucoris cimicoides § seven; while Naucons apt&ra has only fivc§. 

In the Homoptera, on the contrary, the number varies greatly. Schizoneura com has 
only two; Aphis padi\\ three or four; Aphrophora spumaria 9 ^^ eight; A. salicina^ fif¬ 
teen; Ledra§ and JDorthesia^ ten to twelve; P^fofand Cercopis §, about thirty; CUcada f, 
from fifty to sixty; and Coccus an unlimited number. 

'[he egg-txibes arc numerous in Locusta migratoria^ Phasnut <jvjae$) Grylloialpa 
mlymisX, Acheta dmestica, the Mantodea%, and in most Ortlioptora; but in a small 
species of Locusta I found only six, and the Blattoe have eight**, (Edfpoda** bigvttula 
has six or soven, and CE. ccerulescens ** fourteen; Tetriw** smftulaia has twenty; (Ecun - 
thus **, eight to ten; and Ephippigera vespertina** thirty to forty. 

Among the Neuroptera the egg-tubes are extremely numerous in Ephemera ff, 
Perlaf f, Libellida siriolata , JEschna oyanea , and the Libellulida) generally. There arc 
also a good many in AVzZw ftk Limncphilus and Phryganea^X > ^d in one of the Lepto- 
ceridos I found over forty. Termed has thirtyf; in Paiwrpa commimis I found ten, which 
is the number also in MyrmeleoW and Hernerobius \\; and the minute genus Psocus has 
only five. 

We arc indebted to Stein (l. c,) for an excellent work on the female generative organs 
of the Coleoptora. He found three egg-tubes only in one species, Lathridms porcatus; 
four is also an uncommon number, but exists in Ulster siuuatus , Platiysowut frontale, 
JDrmius tru/ncatelhs, Scydmamus tarsatius, Triphyllus bifasciatus. In Engis humeralis 
fl.nrl Prow sabulosus there are five; six in Clivvna arenaria , Notiophilus aguatious , Noterus 
crassicomis, in many Brachelytra, and in many Lamellicoms. Soven egg-tubes occur in 

* Beclierches gur lea Orthopt&res, Hyin4noptireB, et Nouroptferea. M6m. de l’lnstitut, 1841, p. 582. 

f Exby and Lbuokiaet, l. e. J BvjaMaiBTBii, l, e. p. 186. 

§ Iitioir Duyoub, Sur los HdmijjtArea, Mdm. d. Sav. Efcran, 1888. 

* JJ Jjwugkxwe, Zur Kenntnisa, Ac. pp, 385,842. IT Btomststbb, l. a. 

** L|ox Diteovb, M4m. d. Sav. Etrangors, 1841. 

tt Ij$cW Dtwoim, MAn. de l’lnstitnt, 1841. JJ Buhkbukcsb, t e. p. 186. 
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Pterostiohus vemalis , Aphodius fimetarius , Cassida eguestris , and Coccidula pectoralu , 
eight in Bembidiim femoratum and Loemophlceus monilis ; nine in ffitidula obsoleta and 
Diaperis boleti; ten to twelve in Oidndelm cb, Cardbus granulatus , hortensis (and violaceus ); 
twelve in Clems formicarius ; fourteen to sixteen in Hyphydrus ovatus , Eydroporus 
palusbris , Coccmella globosa and quinquepumtata; about twenty in many Chrysomelidce ; 
twenty-five to thirty in Elater aterrimus and Cocdnella septempwnctata ,; thirty to forty 
in Allecula mono, Lagria hirta, Colymbetes fuscus , Acilius mlcatus, and most of the 
large species of Lytiscus. The largest number observed by Stein was fifty-two, in Helops 

cardboides . 

According to Feet and Leuceart (l. c), Liams and Anthonomus have only two egg-tubes, 
Hypophlceus only three, most Longicoms eight to ten, and most Buprestidm twenty to 
thirty. Bu rme ister ( l . c.) ascribes seven tubes to Silpba atrata, seven to ten to Tene- 
brio, Leptura and Saperda, from ten to fifteen to Dytisous, Staphylirm , Hydrophilus , 
Cercmbyx , and Lamia tristis, and thirty to Blaps mor&isaga. 

According to Burmeister* Sarcophaga oamaria possesses only one egg-tube, and Melo- 
phagus ovirm* has only two; but in the majority of the Diptera they are short and very 


numerous. 

In the Hymenoptera Chelomis has only two, and Odynerus only three egg-tubes. 
According to Fret and Leuceart, Anthidium, Crabro , Chrysis, and Xylocopa have also 
three; but LEon Dufour attributes four to the two latter genera. Anthophora, Crociscc f , 
Melectaf, Vipiof , and Bombusf have four: Frey and Leuceart indeed attribute eight 
to Borribus , and Burmeister^ from seven to ten; but I only found four in B. terrestris 
and B. muscormn. 

Nomada f and Bapyga^, and according to Frey and Leuceart, all the Ichnewno- 
nidcB, have five, but L find ten in OpMon lutewn (Plate XVII. fig. 6). Leucospis 
Ch^lcisff SJxd Euloptmf, five or six; Formica mfd ||, 100 to 120; F. nigra, thirty to 
forty; Vespa vulgaris, seven; Psithyrus f, eight; Pimplaf, Paniscusf and Jhapna\, 
eight to ten; Athalia } has twelve, but most of the Tmthredinidw f only ten; Myfmica 
and Xiphydriaf, twenty; Banchus’f, twenty-five; * Oynips, a considerable number; and 

Apis 7 nettifica\\ as many as 170. , ‘ 

The number of egg-germs which axe produced in each egg-tube offers also many varia¬ 
tions, from Coccus on the one hand, in which there is only one, to PonMa on the other, 


in which there are, according to Bjirold^J*, more than a hundred. 

The number is not, however, so easy to determine, as it might at first sight appear to 
be; for as the eggs axe produced successively, there must in every case be a time-when 
only one egg-germ is present, though thiB stage of development is generally l)£fbre 
.the insect Arrives at the perfect state. Moreover, before, the last ~ egg ^begins to grow 
the first bn# generally already left, the ovarian' tube* These sources of error have 

* IavosWiT, l, o. * f tiiov Dvrotm,Bui lea Mem, l 4 Inatitut, 1841. 

*?*'*/& WikWar Ifein JL i- - ^ V i 
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already led to several misstatements in works on insect anatomy. There is, however, I 
believe, in every species, except perhaps when the egg-germs are very numerous, a 
certain normal number which are present in each egg-tube when the oldest, and there¬ 
fore the" posterior egg-germ has attained to maturity, and is ready to descend into the 
uterus. S till in moBt egg-tubeB the egg-germs become so “small by degrees and 
gradually less,” that it is difficult if not impossible to say exactly how many are present. 
Where, therefore, the exact number is not mentioned, it must not be inferred that 
the number varies, but only that it was not more accurately determined. Probably, 
however, when the number is considerable, it admits of certain variations, even in the 


same species. 

In the Lepidoptera the egg-germs are very numerous, varying from twelve to more 
than a hundred. In the Orthoptera they are rather fewer. Bubmeister *, indeed, 
ascribes only three to Gryllus migrotorius, and six to Blotter, but in B, orimtalis 
I found rather more than twenty. He does not mention to what species he alludes, 
but there is seldom much variation in this respect in species of the same genus, so that 
probably he examined a young specimen in which only a few egg-germs had as yet 
been produced. 

In the Hymenoptera the eggs are rather less numerous in each egg-tube. Chrysis 
and Xylocvpa are said to have only three ; Bombus terrestirisj' only six (but this again 
I doubt, as in B, mmeorum I have found in July from twelve to fifteen); in Cynics 
lignicola there are thirteen; Apis has seventeen, and in some Ich/n^Tnonidos 


they are still more numerous. 

In Pule# irritans I found fourteen egg-germs occupying the whole width of the egg- 
tube, and a large number which had not yet arrived at that stage. ' 

A-mnng the Neuroptera the number of egg-germs in each egg-tube is nearly the same 
as in the Hymenoptera. In AEschno there are about fifteen; in IAbsllulo stviolota, about 
the same number; in Ponorpce about twelve; in Gkrysopa about ten; in Psocus only five. 

The egg-detelopment of the Coleoptera has been carefully described by Stein, from 
whose excellent work I have extracted many details concerning this order., He finds 
(l e. p, 32) the greatest number of egg-chambers in the Ou/rcuUcmidce, where frequently 
as many as twenty are present. Thus, Brachyd&res incomes has twenty-one, Hylobius 

Qpphmpubescens 


'' J seven or eight; Jh the Ok 

and sih$a several ; egj^erm& lh. Gdtyw&gtes fuscus 

there are twelve^ ^ and GicMela 

campestris is seven- ; ; ‘ ' : : - r1 


f \ \ ' - 

hC. S ri I- 


£ . ; ■ gthe remaining families of this great orte havelesVthan five egg-germs in each tube^ 
a egg-development in the Diptera has' been little studied, and from the small sfre 
^ indeed of the generate organs generally, jit, presents greatJii% 
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culties. Each egg-tube contains generally very few egg-germs, though in a small species 
belonging to the iSyrpJiidce, and I believe* to the genus Ckeilma, there were as many as 
nine. In Melophagus ovinus Leuckaet has figured three, and I have found the same 
number in Hfusca and JEristalis ten&x. In Tipulct and Culex I found only one egg-germ 
besides the terminal chamber, which is present throughout this order as in the Co- 
leoptera. 

Tn the Hemiptera the egg-germs are few in number, and each egg-tube has a large 
terminal chamber. 

In the Homoptera but few species have been examined. They appear, however, to 
agree with the Hemiptera in having few egg-germs, and a terminal chamber containing 
vitelligenous cells. In Coccus hesperidum and C. per si cm I found only one egg-germ, in 
Aphropkora spvmaria three; and Leydig and Huxley* have figured five in an Aphis f. 


Histology. 


The egg-tubes consist of two membranes. I did not, indeed, succeed in seeing the 
outer muscular one clearly in every species I examined, and in some insects all the 
egg-tubes are enveloped by one common covering; but in most instances the outer 
membrane was distinctly visible between each two egg-chambers, where, unlike the 
inner membrane, it is not contracted, but retains nearly the same diameter, only 
tapering gradually from the most mature egg-germ up to the youngest. It is figured 

in Plate XVI. figs. 3 and 9, and Plate XVII. fig. 7. 

On the inner side of the internal membrane lie a number of cells. These form in 


most parts a continuous layer; but in those insects which have between each of the egg- 
germs a small group of the remarkable vitelligenous cells, presently to be described, 
the epithelial cells at these parts of the egg-tube are scattered more sparingly, and are. 
less distinctly;visible, 'these epithelial cells take probably an active part in the secre¬ 
tion of the yelk, ’and subsequently in that of the chorion, 

Between each of the egg-germs in Lepidoptera, Hymenoptera, Q-eodephega* Hydra- 
dephaga, and Neuroptera {except the Iibelluliha), is situated, a group of cells, which 
increase in size from the anterior to the posterior end of the egg-tube. 

These cells, which,, adopting the convenient name proposed by Professor Huxley, I 
propose to call the vitelligenous cells, were first noticed by HeeoldJ, who however 
describes them as rings, and offers no opinion bn their homologies or function. Stein, 
in V* excellent work to which I have already had occasion to allude, gives -,a f faithful 


esmption of these cells, and expresses a decided opinion that they secrete ye(k^natferr 
fofryffifr Jds£YEE§ralso has described these bodies in the egg-tu,be o f$a$u/w4a Oojpifti; 
utfrec(H^|ers them abortive ova; an opinion, which, although adopted bytfc Aum 
&cte»r |, quite untenable. < i. *;; V r \: * < ^ " - >; 


* jpana* teipMV > f 
t De : Q«nteatioria ‘' 1 . * t 

t „ ' t i Si , f H i rW - 


t ' 


1849, pi 6. 



848 


ME. LUBBOCK ON THE OVA AND PSEUDOVA OF INSECTS. 


Dr. Leydig*, in his paper on the Agamic Reproduction of Aphis, and Professor 
Huxley (l c. pi. 36) have figured in the terminal chamber certain round, nucleated cells, 
any one of which may develope itself into a germinal vesicle, and so pass down the tube 
and form around itself the future egg. These so-called cells are probably homologous 
with the nuclei of the vitelligenous cells. 

Dr. Leydig also, in his paper on Coccus hesperidum, figures certain large nucleated 
cells in the upper chamber of the short egg-tubes, but having overlooked the true 
germinal vesicle, he seems to have (if I understand him light) considered these bodies 
as the equivalents of the germinal vesicle, whereas in fact they are true vitelligenous 
cells, differing neither in position nor appearance from the type present in the other . 
Homoptera. 

Professor Leucxabt also (l. c.) has described these cells in Aphis, Coccus, and Solmobia 
lichmella , and adopts in reference to them the same opinion as Professors Stein and 


Huxley. 

In adopting the term “vitelligenous” as applicable to these bodies, I have expressed 
my opinion of their function; an opinion, I may add, which was adopted independently 
by Professor Stein, Professor Huxley, and myself. In proof of this view I would refer 
to the egg-tubes of any Lepidopterous or Hymenopterous insect, or to Hbrold’s figs. 16, 
16,14,13 and 12 (l c. pi. 1), It will there be seen that although the vitelligenous cells 
increase individually in size, as does the yelk-mass, yet that the latter constantly grows 
at the expense of the former, which become fewer in number, and finally disappear 
altogether*'. ' ' 1 , * . ' r 

, professor Stein has observed that in Acilius mlcaMs, ifi which the yelk is brightly 
coloured,'the vitelligenous cellB are of the same hue; and in all insects the contents of 
these cells closely resemble the mass of yelk substance. 

Professor Huxley has observed in Aphis, and I have noticed in certain Hemiptera 
(see Plate XYII. figs. 7 and 9), that a tube, or channel, leads down from the terminal 
chamber into the second and third egg-chambers, which seems evidently intended to 


convey the yelk-matter to the developing eggs. r 

Botfly, if a as Professor Stein also remarks, we press the vitelligenous cells out of one 
of -the egg-ehapahers, we shall generally find some of them in which the cell-wall is 
i absorbed, so that on the application of tat slight pressure the contents 

' • natae;«f these cellsare nokquite so .oppbsite to one 

another as W&W tqcase,^ .3m;thdk earliest stage the egg- 

1 cell and the vi^lHgenota c^lli 5 eaakmthe ^dis^^inslMid from one another j and no one, I 
~who "has, ripely jait. ckf in any Hemiptero™ 

;; : ;<^J)i^terou? insect, can M to be of fhe^$ame opinion. ^ The egg-tube contains indeed 


t 't * * 


krill 

r-§!M 


A cells winch are neither yitelligetaus nor egg-cells, hut which are, .capable pf 
cfrcum^tanoes either the one or the other.' - -,, \ r ; ■’ 

^ 5 ■* * /, j A| y '■ 
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Professor Stein, indeed, appears to consider that the vitelligenous cell is homologoi 
with the germinal vesicle, and that the yelk is deposited round it without being enclos€ 
at first in any distinct membrane. 

In the Diptera (Plate XVII. fig. 8, and Plate XVI. fig. 9) and the Hemiptera (Pla 
XVII. fig. 7) it is, I think, evident that the germinal vesicle corresponds to the nuclei 
of the vitelligenous cell, and that the yelk-mass is in the early stages of egg-formatic 
enclosed in a membranous envelope or cell, homologous with the cell-wall of the vite 
ligenous cell, and like it destined soon to be absorbed, but which in the mean time I pr 
pose to call the egg-cell; and even in the Lepidoptera, Hymenoptera, Geodephaga, ar 
Neuroptera, though the matter is not quite so dear, any one who examines careful 
the upper end of the egg-tubes will, I think, come to the same conclusion. 

Our knowledge of the modes of egg-formation in the Insecta is perhaps hardly y 
sufficient to enable us to generalize with much confidence; the following Table exhibi 
however, the present state of our information on the subject; and though many of t 
aberrant forms, as for instance Thrips and the Str&psi/pt&ra, are not included, and it 
therefore very incomplete, yet it will probably be found correct as far as it goes. T 
only two cases in which any families differ greatly, as regards the vitelligenous cel 
from the remainder of the order to which they belong, are the Geodephaga a 
Hydradephaga from the remainder of the Coleoptera, and the Inbellulina from t 


Neuroptera. 



. Coleoptera (generally). 

Contained in a terminal chamber •{.Homoptera. 

... Heteroptera, 

.Orthoptera. 

. Pule*. 

.. . .XabcUulino* 

..Forfioula. 

( Not oaneWoted ..Diptera. 

f Ztepidoptonu 

' * Constricted in the middle • 


Absent... 

^ One to each egg 

i i. 

y 

j^g-otounber.. 


Hymenoptera. 

Gteodephaga and Hydradephaga . 
Neuroptera (except IabelluKna). 

In thus dividing the Insecta into two sections, according to whether or no eacheg 

germ carries with it a group of vitelligenous' cells, we'get a classification whioh is i 

from natural, inasmuch as it separates the Libelhilina from the rest of the Neuropte 

Balex from the Diptera, and the two first sections of the Coleoptera from the remainc 

> f 

of that order. 

It is rather difficult to decide in which group the genus Forficula (Earwig) ought 
be placed, since each egg appears to consist of an egg-cell and one vitelligenous .cell on 
- The second section, containing the insects which possess groups of vitelhgenous Ct 
forming a part of each' egg-germ* combines most of the insects in Which the power 
flig ht is largely developed} but the Libeflulina, which are pre^eminehti it* this rCspe 
belong to the other series., 

The deydpjunmrfc of the 
presence 



MDCCCLIX. 
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a acquis un d^veloppement extraordinaire, et s’est en quelqne sorte sOpare du m^sothorax 
et du mOtathorax, on aura le thorax d’un Col5opt5re, d’un Dermaptfcre, d’un Orthopt&re 
et d’un H5mipt6re. Si au contraire le prothorax est reduit & des dimensions trbs-exigues, 
et que le m&othorax intimement uni au mdtathorax ait pris un accroissement dnorme, 
on aura celui d’un Hym&iopt&re, d’un L6pidopt5re et d’un DiptSre.” And again, in 
page 382, after having described the prothorax of the Coleoptera, Dermaptera, Orthoptera 
and Hemiptera, he says, “ Avant de consid<5rer le prothorax des mdmes ordres sous un 
point de vue plus en rapport avec ses usages dans la nomenclature, il est essentiel de 
connaitre les modifications qu’il subit chez les Hymenopteres, les LOpidopt&res, les 
Diptfcres et quelques Neuropt&res.” 

The Diptera, Hymenoptera, and Lepidoptera, thus nearly allied to one another by 
the structure of the thorax, also agree very nearly in the type of egg-development 

In the Iibellulina also (Dragon-flies), the prothorax is rather large and distinct from 


the rest of the thorax. 

The Geodephaga and Hydradephaga, however, are subversive of this curious coinci¬ 
dence, which would otherwise have been as complete as that of the coexistence of rumi¬ 
nation and cloven feet; or the inward bending of the condyle of the lower jaw, with the 


other characters of the Marsupialia> 

In the Orthoptera we find, on the whole, perhaps the simplest type of egg-formation 
which occurs in insects, the large vitelligenous cells being entirely absent, and their 
functions probably monopolized, instead of being only shared, by the small cells which 
line the membrane of the egg-tube. 

The number of egg-chambers in each egg-tube is generally numerous; in Blatta 
orientals (Plate XVL %. 1) amounting to as many as twenty-three. In each of the egg- 
chambers the germinal vesicle is easily visible, lying nearly in the centre, and possessing 
a distinct macula. The germinal vesicle in Blatta orientals (Cockroach) is rounded in 
the upper chambers, but in the lower ones is somewhat elongated transversely. The 
macula gesrminativa is small* round and simple, as is the case in Acheta . In a species of 
Locwta (Grasshopper) I found the germinal vesicle in the lower chambers, lying near 
' the posterior end of the egg; in other words, near the end which is turned towards the 
Yulya# In Acheta domssHca (Cricket), as in Blatta^ the macula is a small round vesicle 
in diameter in, the lowest egg-chamber in which it is visible, and gradually dlmi- 
In- the lower Chambers a minute nucleolus can be seen in it, which is 
about ^ jbfl ha diameter., I never'found in Acheta any other vesicular structures in the 
ge rminal vesicle, but there is in the anterior or smallest, germinal vesicles, a conspicuous, 

1 dark, granular mass, which both Stud -teffisr* seem to have taken for the true 

\^qla. r ;Thjte drnk granular ^asrfr: eingfeJin aboirt the first four egg-chambers, and 
' tke vtapue it, 'br^etks up, and in the three or four 

induced to A cloudy mass of very fine granules. ," 1 ’ 

oation which is represented hi- Plate XVX % J, is found wJBfettfy 

■<■*» "j v 1, «, rA ,V’ JL' ' 1 l’ J' ' ' i ' u -' - v f '/ V 
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Grylhis , Lomsta, and Acheta , and probably prevails also through, the Phasmdw* and 
MmUdw , which two latter families, however, I have to yet had no opportunity of exa- 
mining . It is, however, quite possible, if not probable, that we may find in thorn some 
approach to the peculiar type exhibited by the remarkable genus Fovficukb (Earwig). 

In the IAbeLL ulina the egg development is remarkably similar to that of the Ortho- 
ptera, with which it agrees in the absence of the large viteUigenous cells, and of any 
ter minal germ-chamber. The egg-tubes are excessively numerous, and I have generally 
found from twelve to twenty eggs in each. 

The mac ula of JEscJvmi (Dragon-fly) consisted apparently of several small vesicles, 
which gradually increased in size in unequal ratios, until at length one large one 
became pre-eminent The end of each egg-tube terminates in a chord-like tube. 

In Pulew (Flea) also the type appears to be the same. There is here the same absence 
of the vit eUigen ous cells and of the terminal germ-chamber. If, however, a young spe¬ 
cimen be examined, fewer egg-chambers will be found; and at the end of the egg-tube 
there will be a false, or rather perhaps a temporary germ-chamber, destined eventually 
to be entirely occupied by egg-germs, and to lose gradually its special character. In the 
most advanced tube I found fourteen egg-germs occupying the whole width of the bore, 

besides a great many others in less forward stages. 

The germinal vesicle is dark, large, circular, and very distinct. I could not see in it 
any macula; but in two or three cases, shortly before its disappearance, it looked as if it 
was breaking up into a number of small ovate bodies. 

It is very remarkable, that in spite of the numerous affinities existing between JPuIbx 
and the Dyptera (Gnats and Flies), the mode of egg-formation in these two groups is 


entirely different,* , 

In the Hemiptera (Plate XVII fig. 7), the egg-tube terminates in a large terminal 
chamber full of round cells, each of which can apparently become an egg-cell or a vitel- 
ligenous cell, * ha this type, therefore, the viteUigenous cells, instead .of being divided 
into small groups, one at the posterior end of each of the egg-cells, are aU collected 

into a common germ-chamber at the end of the egg-tube* *' '.■>'> * 

I was for some time in doubt whether the cells in this common' germ-chamber did 
really contribute to the formation of the yelk. In ApMs^ however, in which the same 
type of ovary exist**, Professor pft rxLip F < | > discovered, as before remarked, a duct t>r passage 
leading from the germ-chamber through the anterior, to the more developed egg- 
chambers. A similar structure exists in Hfepa (Water Scorpion) (Plate XVII. fig; 7), 
some other Hemiptera; and as there can, I think, be no doubt that it is really a duct 
through winch the yelk-substance descends, to the growing egg, it foUbw that sbipe at 
least df the sis imthe terminal germ-chamber do really fidfil the office of ^tefiigenous 

■— ' * i i " * s , { 

cells. * , ’ > ■ ^ . f ’’ , r 

. In the_comrnon I once found as many to five of lbese vfl^IhferouB ducts 

X V T" a ~~ *-■ - . _,j\ ^ it flAfeniR TiTnbftble 

* Mtoto, Nova,. 
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that each egg-germ has its own peculiar vitelliferous duct, and that the duct is obliterated 

when the egg has received a sufficient amount of yells. 

I could not see in the common germ-chamber more than one sort of cell, except that 
near the posterior end some few are evidently changing (Plate XVII. fig. 7) into egg- 
cells; and I conclude, therefore, that each of the cells in the germ-chamber is capable of 
becoming .either vitelligenous or egg-cells. Those which develope themselves into egg- 
cells gradually swell, and their nucleus also increases in size and becomes the germinal 
vesicle; after a whil e a small cell-like macula makes its appearance in this latter. 

The common germ-chamber is at its posterior end somewhat contracted, and at this 
place one or two narrow egg-germs generally lie transversely across, occupying the whole 
width of the tube. The next egg-germ is somewhat square-shaped, as are the three 
following; the seventh is somewhat barrel-shaped; and the eighth shows on one side 
the projection which is so conspicuous in the mature egg, and on which the micropyle 
is situated. I found also at this period (end of September) some few egg-tubes in which 
the projection was also commencing in the penultimate chamber. In the four anterior 
e gg-germs the germinal vesicle occupied a central position, but in the more mature 
egg-chambers it laid alternately, first on one side and then on the other, close to the 
layer of epithelial cells. It is worthy of remark, that in all my specimens the lateral 
projection was situated on the same side as the germinal vesicle. 

In the oldest egg-germs the yelk contained numerous granules and small oil-globules. 
In each ovary there arc five egg-tubes. . 

In the Coleoptexa, excepting the Geodephaga and Hydxadephaga, we find the same 
type of ovarian , tube as in the Hemiptera, but the terminal germ-chamber is generally 
smaller in proportion. The cells contained in the germ-chamber are apparently of the 
same nature as in the Hemiptera, and probably therefore secrete part of the yelk-sub- 
stance, I have not yet, however, met with the yelk-duct. Since, however, I became 
familiar with this structure in Nepa, &c., I have been able to examine but few Coleo- 


ptera. 

In Telephone (Plate XVI. fig. 4) the epithelial cells are small and indistinct, but in 
a Galmiea I found them very large. 

I have, examined only few species of Coleoptera, since Stein has devoted so much 
liem, that, as far as the female generative organa are concerned, there is no 
we are better acquainted. 

In the Homoptera I h$ve examined Aphrophcra epwna/rto, Coceus heaperidwrn, and 
0. ^ej*^^ ; Professor HuxiiEY {L e.)has described a species of Aphis, and Professor 
, taucsAnT three or four allied forms. All these present the same type of ovary as the 
jEfteiptdra; but the ferininal ge^d^ber is ^eneMLy smaller, and the cells contained 
less num^ohs, b#ng , in ;fiw5ti . mfe only three in number. In- 

^ .odiy one egg in each tube,-there is in fact a grbup of 
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The latter part of this paper will contain a full account of the formation of the egg 
in 0. he&peridum, to which therefore I need not here allude in greater detail. 

In Forficula awriedaria the egg-tubes are short and very numerous; each contains a 
large egg more or less mature, and two or three small rudimentary ones. The large 
egg is pear-shaped, and the other two germs, together with the membrane containing 
them, may not unfitly be compared to the stalk. 

The large egg-germs consist of two parts. The posterior part consists of the yelk, 
and encloses the germinal vesicle; the yelk-mass contains dark granules and small oil- 
globules. The anterior part is lighter, browner, more homogeneous, and appears to con¬ 
sist of a single large vitelligenous cell. In this anterior portion several vermiform 
masses may be perceived, but I am unwilling at present to offer any suggestion as to 
their origin and functions. At first the anterior portion occupies the larger portion of 
the egg-ch amb er, but the posterior portion grows both absolutely and relatively larger, 
until at length it fills almost, or altogether, the whole of the egg-chamber. I believe 
that I am correct in considering the anterior portion as a yelk-cell, but I was never 


able to see the nucleus. 

The terminal, smaller part of the egg-tube is not represented in Wiedemann’s ‘Archiv 
fur Zoologie et Zootomie,’ Bd. xi tab. Ill ; it has, however, been described by Stein*. 
It consists of two or three egg-germs, each situated in a chamber which is separated 
from the next by a rather slight constriction, and each consisting of two parts, the 
posterior or egg-cell, and the anterior or vitelligenous cell. Sometimes, however, there 
were two vit ellig enous cells to each egg-cell. In some of the more advanced of these 
egg-germs an indistinctly bordered granular nucleus was visible. This small terminal 
portion of the egg-tube is bent down on to the large egg, so that it might easily be 
overlooked. At an earlier period in 1 the summer, as for instance in July, the difference 
of size between the last" and penultimate egg-germs is not nearly so decided as it 


becomes towards the end of August. 

M. LfiON Dufoub also, in his paper on the Forficulidwf, has overlooked the small ter¬ 
minal chambers of the egg-tube, which consequently' he considers as consistingof only one 
egg-chamber. In the same paper he describes and figures the ovary oiLabidwa gigmtea , 
which differs in the moBt remarkable manner from that of Forficula awricularia, and con¬ 
sists of five long egg-tubes enclosing twenty, or a lesser number of egg-germB. It is 
impossible to determine, either from the description or the figure, upon what type the 
ggg-ggrm is formed, but there is no reason to suppose that the process is different from 
that which occursin the small species. ^ 

' It ls very interesting to meet with such an important difference in the ov&nes of two 
spectea which are- in other respects so nearly allied, and to find thus in Foifioula a 4 type 
of ovary entfrely ^ either from the Ooleoptera on the. one hand, or the Oxthoptera 

ofi the other. If the terminal cjbaifibet is realty ab gig<mtea resembles 
the latter order ra^er thto lh ^ , i. V '* - 

* Zoo. oil y. 8& =- * 4^Natbrelles, 1828,'p. 858. 

* d -f 1 l 1 If* f* 1 , ^ 
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The Neuroptera (with the exception of the Dragon-flies) offer the next step towards 
the type which prevails in the Lepidoptera, &c. Each egg-chamber is generally divided 
by a constriction, the posterior portion containing the yelk, germinal vesicle, and germi¬ 
nal spot; and the anterior part enclosing in Pamrpa comrwm generally two vitellige- 
nous cells, in Psocus three, in one of the Leptoceridas four, and in Chrysopa perla five or 
six. Besides being few in number, the vitelligenous cells in the Neuroptera are some¬ 
what indistinct, especially in Pamrpa, and do not present a well-defined nucleus. 

In Pamrpa also, and in one of the Leptoceridce , it seemed to me evident that the whole 
egg-cell, and not only the germinal vesicle, was equivalent to the vitelligenous cell. 

In the Diptera* I have only examined CJmlosia , Eristalis, Musca, and the Tipulidas 
and (hlieidee; nor am I aware of any other observations on the ovary of this order 
except those of Lobw, which I have not been able to obtain, of Lbuckabt on Melo- 
pJiagus ) and Swammerdam on Stratiomys, which latter refer rather to the external form 
than to the histological structure. Probably, however, we shall find in the remainder 


of the order, as in the forms already examined, that the ovarian tubes are very short and 
extremely numerous. In a small species of Ck&ilosia , indeed (Plate XVI. fig. 9), there 
were as many as eight egg-chambers, but in 'Musca and J Eristalis there are only two or 
three, and in Oulex and Tipula only one or two. 

In all cases, besides the egg-chambers, there is a terminal germ-chamber. The layer 
of epithelial cells is early and strongly developed, and the constriction between each 
two egg-chambers is very deep. In many cases, indeed, there is a considerable interval 
between each- two egg-ohambers, whidh gives to the egg-tubes a remarkable and pecu¬ 
liar appearance. There is no constriction between the germ- and yelk-portions of the 
egg-chamber, but the two together form a round mass, which gradually becomes oval, 
and finally more or less elongated, according to the shape of the mature egg. The 
vitelligenous cells are large, polygonal from mutual pressure, and in some cases provided 
with a distinct nucleus. 

It is worthy of observation, that this type of egg-formation is very different from that 


oiPulex, or indeed of any other insects. The external membrane of the egg-tube may 
generally be seen forming a aeries of bridges, projecting from one egg-chamber to 
another. The vitelligenous cell which lies at the posterior end of the egg does not at 
fjUt dper from the others. Gradually, however, it grows darker, and its nucleus 

vesicle. It is, however, only; in the two lowest egg-chambers that 
thisi which;. evidently ^corresponds to what I have called the egg-cell, becomes much 
larger than the true vitelligenous cells. At ^this-stage it appears to, Ipse its true eeU- 
walL and to: become a mere yelk-mass, which, as the yitelligenoua cells gradually dis- 
appear, ab^rbs the yelk;j^ti^ and finally occupies the whole egg-, 

1 / i 


arM v part of September the oyary of JEmtalis temp is a white body, shaped 
' “ ^^Eos liftve described partial segmaotatioii as 
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like a cucumber. It consists of a large number of egg-tubes, each formed of two 
chambers, one more or less spherical, and the other a miniature representation of the 
ovary itself^ as far as shape is concerned. 

The external membrane is in this species very distinct, and the internal structure of 
the egg-tube cannot distinctly be seen until it has been removed. It is, however, easily 
tom off, and the egg-tube will then be generally found attached by the upper part, and 
with the end next to the spherical chamber floating loose. The part of the egg-tube 
also below the spherical chamber is very thin, and tapers rapidly to a very delicate 
filament, while the upper part retains to the end a much more considerable diameter. 
These facts puzzled me a little at first, and made me doubt for awhile which was the 
ovarian end of the egg-duct. I soon found, however, that the germinal vesicle was 
always at the side of the egg-germ which was turned away from the cylindrical cham¬ 
ber; and a specimen occurred in which the lower part of the cylindrical chamber was 
beginning to separate itself from the remainder, and to form a new egg-germ (Plate 
XVII. fig. 8). Towards the middle of October, all, or nearly all the egg-tubes were in 
this stage. The vitelligenous cells contained no distinct nucleus, and varied much in 
pigflj some bang larger, and others smaller than the egg-cell. 

In the Greodephaga and Hydradephaga, Stein has already observed that we find a type 
of egg-formation differing entirely from that of the other Coleoptera, and closely resem¬ 
bling that of the Hymenoptera, from which indeed it only differs (so far as our know¬ 
ledge at present extends) in possessing a ter mi nal germ-chamber. 

This terminal germ-chamber is, however, less largely developed in the present group 
than in most other Coleoptera, and in old specimens, indeed, is very much reduced in 


size. _ , ' 

Plate XVII, fig.. 1 * represents one of the egg-tubes of Carabw violacem, magnified 
thirty times. At the low or posterior fend was a glandular part containing a yellow 
mass, which Stein, apparently with justice, considers as analogous with the “ corpus 
luteum.” The lowest egg-chamber was very opake, so that no structure could be per¬ 
ceived in it. In the second or penultimate egg-chamber, and the two following, the con¬ 
striction separating the germ-chamber from the yelk-chamber is well marked; the three 
-fbllowinghave a constriction separating them from one another, but the chambers them¬ 
selves have an entire margin; and stjll nearer to the end are several egg-germs, which 
are not sufficiently large to oocupy the whole diameter of the egg-tube. 

\ -' Plate XV III. fig. 18* represents a germinal vesicle oiPterostichus rmla/mrms. In this 
* specimen the macula germinativa contains five large, equal-sized vesicles. I hav^found 
odier sp^cimims presenting very nearly the same appearance,, but it is by no iqe^nsual, 
and was hot present $u two other germinal vesicles belonging to thesame Ogg-tube. ~ In 


foin ft fl tfrreft Verides. one- rather large;^ o&er twblw^Her- 
The ‘ ' n ‘ 


as in the egg-tube of a 
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Hymenopterous insect. At first small and round, they become larger in each successive 
agg-chamber, and are gradually forced to take a polygonal form, by the pressure which 
;hey mutually exert upon one another'. The nucleus continues round, and is somewhat 
larker than the surrounding cell The vitelligenous cells in each chamber are not, how¬ 
ler, all of the same size; on the contrary, they vary a good deal in this respect, and 
hose which lie nearest to the egg-germ are larger than those at the anterior extremity. 

The yelk itself is dear, transparent, and contained, in the lower egg-germs of the 
specimen fig ured, a doud of reddish-brown granules just behind the germinal vesicle, 
[n most specimens, however, I found these granules collected all round the germinal 
reside, so as to obscure it very much. The epithelial cells are not much developed in 
Carafm, perhaps owing to their function being in part f ulfill ed by the vitelligenous cells. 

The macula germinativa, as is I believe the case in all insects, has the form of a round 
vesicle. In the second chamber of the figure the germinal vesicle was about dta k 
diameter, and the macula about In the other egg-germs they became gradually 
smaller. The macula germinativa seemed to be composed of a number of small oval 
masses, endosed apparently by a very delicate membrane. In one case it appeared to 
me as if the macula was broken up, and these little bodies were floating about loose in 
the germinal vesicle. Besides the true macula, each germinal vesicle contained a num¬ 
ber of smaller vesides, which seemed to become more numerous in the larger egg-germs. 
They were none of them, however, nearly so large as the true macula. 

In 8ter&pus macMins* also, the germinal vesicle contains some of these small vesicles, 
which however - are not so numerous as in Cardbus violaceus. In young egg-germs of 
St&ropv&, two or three of the vesides are at first sometimes of equal, or very nearly equal 
size. Gradually* however, one of them surpasses the rest, and becomes the macula germi¬ 
nativa. Probably, therefore, these small vesides are of no great functional importance. 

The devdopment of the eggs in the Lepidoptera has attracted the attention of natu¬ 
ralists more th an has been the case in any other order. Heeoldt, Mjsteb, Stein, and 
Leuckast have all given more or less accurate figures and descriptions of these organs. 
The type is essentially the same as in the Geodephagous beetles, and differs merely 
in the smaller number of egg-tubes, with a greater number of egg-chambers in each, and 


in the absence of any terminal chamber/ 

As Geodephaga, the vitelligenous cells are large and polygonal, and each pre- 
nUdeui3, The constrictions are deep, but the egg-chambers follow one 
another, immediately, without' ,evej presenting any long narrow portion, as in some 
Diptera; and the miich more rapidly than in that order. 

In the pseudovaiia iSotenotya Uchemlld the egg-tubes are, according to Lbuokabt, 
yery ,short, but otherwise the type of formation precisely the' tome as in any of the more 
^ yrinal drders of the groups The mpdeof egg^ormation exemplified in Plate XVIII. 

to fer as regards the shortness of the tube, is predsely the same to that of 
’.^^S^^^pterous^intoct.^ ^ \ ’V\ ^ '"ii ' 

of uhfecundated 7 ■ to te 
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fertile; and as no doubt can exist that these eggs also were capable of fertilization, it 
seems to follow that they must have been produced in the ordinary manner, 

An opinion is prevalent among entomologists in this country, that caterpillars hatched 
from such eggs as these are weak, and can seldom be reared,—as if the vital force was 
indeed sufficient to carry the egg up to the point of hatching, but was by that exertion 


almost exhausted*. 

In the Hymenoptera the process of egg-development very much resembles that of the 
Lepidoptera, but the ovaries differ generally in possessing more numerous egg-tubes, 
each with a fewer number of egg-germs. They differ from the Diptera, and agree with 
the Lepidoptera, Geodephaga, Hydradephaga, and most of the Neuroptera, in having 
each egg-chamber divided transversely into two parts. The vitelligenous cells are gene¬ 
rally round, as in most of the Neuroptera; but sometimes they are polygonal, as in the 
Diptera and other orders possessing alternate groups of these cells. The nucleus of the 
vitelligenous cells is very indistinct, and can seldom be perceived plainly. In each 
chamber the vitelligenous cells differ considerably in size, being larger and darker towards 
the lowest end. The yelk is generally opake, and not nearly so pale and transparent 
as in some other groups. These circumstances are not favourable to observations on the 
germinal vesicle, which, however, appears to be in most instances (Plate XVII. figs. 2, 
4, 6) a round vesicle, of rather small size in proportion to the size of the egg. 

Plate XVII. figs. 2 and 3, represents two egg-tubes of Cynips Ugnicola , which I Bhall 
describe more fully; and I therefore content myself with mentioning here, that the pro¬ 
cess in this group offers no essential difference, and that there are no peculiarities in the 
formation of these pseudova, except those which arise from their very peculiar form. 
It is, however, of course possible, that when we shall have obtained a deeper insight 
into the, mysterious processes of embryonic development, -some differences will be 

detected between these pseudova and ordinary eggs. ' - 

The egg-formation hi (Jhelonus ooulator is remarkable, but its peculiarities have been 
much exaggerated by M. Lfioir Dtjpoue. According to this eminent anatomist, Chelorm 
possesses neither ovary nor eggs, hut instead of them, font, matrices; containing a great 
number of living embryos, or perhaps nymphs-t . I whs naturally' very anxxbus to 
lexamhae such an extraordinary insect, and by the kindness of Mr; FnkwsBicx Smith 1 


was ehabled-to do sb. ‘ " 

■ - M. Lfiotf DfaQiii has correctly described the external form of the generative organs. 
There are four mutex matrices, two on each side, and divided by'a transverse constrio- 
; tion into two chambers, the lower chamber being the smaller of the two.* The jower 
ehdsof ihnfhnr matrices unite into a very short oviduct. The upper; mjdp nice gradually 
oontracted^nto a narrow egg-tube. There axe therefore four l they 

are of very and each pair is <fiosely united togetiMn > At , the free 

end ptyobg teiminal chamh^ M. hasten also an 

. excellent £gttfe of, vH^dmes,hcW^ g ^' IUUfte of 

* " 1 "f v, 
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C gg-tube, because it is uot divided into egg-chambers; but in this they only resemble 
the egg-tubes of other Ilymcnoptcra, which are quite cylindrical as long as they retain 
their outer membianc. It is the iimcr membrane only which is constricted. 

Secondly, M. LfcoN Dufouu found in them no eggs; but if he had examined fresh 
specimens with a powerful glass, he would have found in them a succession of eggs as 
usual, but more numoious than in most of the Ilymcnoptcra. Each egg is formed on 
tho noimal type, and consists of a double chamber, the lower half containing the true 
yelk, and the upper being full of the vitelligenous cells. It appeared to me that the 
vitelline membrane was in these eggs developed earlier than usual; for on cutting the 
lower pait of the egg-tubes the eggs came out, and both the germ-chamber and the 
yelk-chamber appeared to be enclosed in a common membrane (Plate XVIII, figs. 13 
to 17). By the time, however, that the eggs had reached tho matrix the constriction 
had disappeared, and they were now cylindrical bodies, slightly larger at one end than 

the other. 

If, however, some of the eggs are removed from the matrix and put in water, one end 
of the greater number of them will gradually swell until many resemble Plate XVIII 
fig. 17. Tins alteration in shape, however, appears to be due to endosmosis, and I never 
saw the eggs take any other form. I had forgotten, during my examination of them, that 
M. LfiON Dufoujr attributed to them u uno contraotilitc spontanec do tissu,” and my atten¬ 
tion was not specially directed to this point, but I did not notice anytliing of tho sort. 

The swollen end of the eggs often showed minute circular marks. I never was able 
to see tho deposition of the eggs, and cannot say therefore that tho species is uot ovo- 
viviparous. The eggs, however, never showed any distinct traces of an embryo; and 
having explained away the appearances on which that opinion was founded, I think 
myself justified in concluding that (Jhelvrm is oviparous like the other Hymenoptera, 
although the process of egg-formation certainly does offer various peculiarities. 

DEVELOPMENT OP PSEUDOVA. 

Coccus Jiesperidum .—The generative organs of Coccus consist of a short egg-canal, which 
has more or less largely developed colleterial glands, and at its upper end separates into 
two tubes, each about T^th of an inch in length, and constituting the ovaries. The 
whole surface of these two tubes is covered with egg-tubes in all stages of development, 
from a mere hud to an almost mature embryo. Tho ovary passes gradually into the 
oviduct, or rather the latter can hardly he said to exist as a distinct port of tho system. 

The spermatheca is a pyriform gland lying between the two ovaries, and connected 
with them by a duct which is attached to the egg-canal between the two ovaries. 

It is correctly described and figured by Dr. Lbtdig, as it appears under the action of 
acetic add, but in water or syrup it is coloured yellow by its contents. Thoso are very 
nwteite, strongly rofracting, yellow granules or globules, which offer no roscmblance 
whatever to spermatozoa. 

This toggn is certainly homologous with the spormathcca of other allied species. 
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No one has yet seen a male of C. Jiesperidum, but this presence of the spermatheca 
indicates that this sex does occasionally occur. Whether the spermatheca fulfills any 


other function, as for instance that of a secreting gland, I am unable to assert. 

The colleterial glands are very small in 0. hesperidwm, but in C. persicce they are very 
conspicuous. This difference is probably owing to the fact that the egg-shell is much 
more developed in the latter species than in the former. 

The two tubes of which the ovary consists, and which in old specimens occasionally 
throw off short branches, are by no means homologous with the egg-tubes of other 
insects, but rather with the uterus, or ovarian cavity into which they fall, and the short 
egg-chamber is the true homologue of the egg-tube. 

In its earliest stage the egg-follicle is a simple projection of the ovarian wall, which 
becomes gradually pear-shaped, and may then be seen to consist of a structureless outer 
membrane, a layer of epithelial cells, and three masses bounded by very delicate walls, 
and each containing a large nucleus (Plate XVIII. figs. 1, 2). These three masses evi¬ 
dently represent the vitelligenous cells of other insects, as Leuckaet* has correctly 
suggested; but they are often very indistinct, and in some cases were altogether undi- 
stin guishab le, though acetic add will generally make them visible. They are very seldom 
more than three in number; indeed I only found four in one or two specimens, and five 
once, out of many hundreds which I examined. Sometimes, indeed, only two or even 
one could be seen; but it is probable that in these instances the cells were not really 
absent, but were only rendered invisible by their refractive power being nearly the same 
as that of the surrou ndin g medium. After the egg-tube has attained to a certain 
size the boundaries of these cells disappear, as seems to be sometimes the case in 
Hymenoptera and other insects, and the nuclei only remain visible. Each nucleus often 
contains a, solid-looking, irregular, greenish body or nucleolus. 

T fun incline d to believe that these cells, are originally the same as those constituting 
the epithelial- layer, but on this point it is difficult to form a dedded opinion. Their 
nucleolus is certainly very different, and under the action of water they become doudy, 
whilst the epithelial cells remain perfectly dear. 

The epithelial cells line the structureless membrane forming the. outer covering df the 
egg-follicle. As in other insects,,they me .columnar in the lower egg-chamber, and 
very much flattened in the upper. They, contain a distinct circular nudeus, whose tissue 
differs but little from that of the cell itself, so that they cannot be seen unless they 


are exactly in focus. Plate XVIH. fig. 1 represents the earliest follide in which I have 
„ seen them; I did not not notice in this case the nudei, but have no reason to doubt 
their presence. They differ very much in size in different specimens, though tolerably 
equal in e^' e^pt that .they axe generally larger in the upper chamberthaa infhe 
lower. Water-causes not only the epithelial cells, but also the whole upper chamber to 
swen cqnsidd^ly^ , ;1hey axe J originally round,, or ratber^mewhat polygonal from 
t mutual .pressure, butaa the follicle ^ows they are laiei^y:#t as to become 
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fusiform. Ai this period also they coniaiu numerous very small greenish granules 
(Plate XVIII. fig. 6), which have probably been secreted by the inner surface of their 
walls; and as these granules cannot be distinguished from the smallest oil-globules, I 
presume that these also are secreted by the epithelial cells. 

The col umnar epithelial cells of the lower chamber are almost always visible, but the 
flatter ones lining the upper chamber can seldom be scon unless the specimen is put in 

water. 

The germi/ned vesicle very soon makes its appearance, but it is very curious that though 
it is (when seen at all) very distinct indeed, yet in many instances in which 1 should 
have exp ected to see it, it could not bo discerned. Compare for instance 1 late XV11T. 
figs. 3 and 4; in the latter the germinal vesicle and its nucleus arc quite plain, while in 
the former, which was taken from the same animal, was in the field of view at the same 
time, and is in other respects rather more developed, not a traoo of germinal \osiclc 
could be seen. 

We are therefore compelled to believe, either that tlic germinal vesicle is in some 
instances absont, which is extremely improbable, or that the time of its appearance 
varies considerably. Of course I do not rest this conclusion upon the examination of 
this one specimen only, but from the comparison of a great many. In the youngest 
specimen in which I ever found the germinal vosiclo, the egg-follicle was pyriform, 
•00311 in its greatest diameter, and about *0068 in length. Tho germinal vosiclo was 
•0008 in diameter. It varies very little in different specimens either in appearance or 
size, tho largest being *0009 and tho smallest *0000; neither do these differences appear 
to have any reference to the stato of maturity of the egg-follicle. 

In the former part of my paper it has been mentioned that the vitolligonous colls and 
the egg-cell appear in insects generally to bo modifications of the epithelial cells. The 
same is probably the case in Coccus ; but in spile of my anxiety to throw light on tliis 
part of my subject, I was unable to do so. In one specimen, however, a few of the colls 
in the lower part of the upper chamber were larger than usual, and had a more distinct 
nucleus. The uppermost of these cells had very much tho appearance of tho germinal 
vesicle. If, however, this change takes place rapidly, thcro arc evidently so many chance's 
against our detecting the transitional forms, that it scorned desirable to record anything 
which may possibly be a link in tho chain of evidence. 

I did not find in Coccus any distinct membranous cnvelopo surrounding the germinal 
vesicle, and it is therefore probably very soon absorbed, as in tho Orthoptcra and many 
other insects. 

The later history of the germinal vesicle is equally obscure, for it soon disappears 
from view. At first I thought it was hidden by the oil-globules; but this can hardly be 
the case, because I never once succeeded in making the germinal vosiclo visible by 
pressure when I could not see it otherwise. The largest spocimon of tho germinal 
vesi<5Ja I ever saw was very faint as it was disappearing, and I never saw two colls which 
could have resulted from the division of the germinal vesicle. Professor Leydig- pro- 
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bably failed to perceive the germinal vesicle, because he generally examined his speci¬ 
mens in a weak solution of acetic acid, which causes it to swell and then disappear in a 
few moments. 

At about the same tim e as the germinal vesicle, the oil-globules make their appear¬ 
ance, and soon become the most conspicuous part of the egg. They are at first very 
minute, but in a mature egg the larger ones are as much as -0016 in diameter, from 
which to a mere granule every intermediate stage may be found. These globules are 
of a yellowish colour, and refract light, like the oil-globules in milk. They are also 
affected in a si milar manner by acetic acid and sulphuric ether, being dissolved and 
running into one another if subjected to the latter; while in the former they split at 
the edges, as in Plate XVI. fig. 7, and finally become marked by irregular fine lines, 
some of which also seem to project from the side. Neither oxalic nor tartaric acid have 


much effect on the oil-globules. 

The epith elial cells contain almost always several yellowish-green minute globules, 
which appear to me to agree in every respect, except in size, with the oil-globules; and 
it seems to me probable therefore that these are partly secreted by that side of the 
epithelial cells which is turned towards the inside of the egg-follicle. 

It is evidently very difficult to obtain any decisive proof upon this point, and it might 
rather perhaps be concluded, from the descriptions and figures of M. m Quateefages*, 
that the oil-globules are secreted by the germinal vesicle. I have, however, never found that 
they are particularly collected round the germinal vesicle, which, moreover, is sometimes 
apparently absent after the formation of oil-globules has commenced (Plate XVIII. fig. 8). 
The oil-globules may often be seen lying somewhat compressed together (so as to have 
one or more straight sides), without running together, whioh indicates, I think, that the 
outer surface is covered by a somewhat harder pellicle or skin, though the effect of 
sulphuric ether shows, if any proof was wanting, that they are not covered by any 
distinct membrane. 

Very soon after the appearance of the first oil-globules, the basal part of the egg- 
follicle begins to swell up, and to be separated from the upper part by a gradually 
deepening constriction, so that the egg-follicle comes, as described by MM. lasrDiG and 
Lwckabt, to consist of two chambers, the upper one of which is spherical, and the 
lower fusifo rm. The upper chamber, though short, is at first much broader than the 
lower, and contains the three vitelligenous cells {e)\ the lower chamber contains the 
oil-globules, and the germinal vesicle is situated at the apical end of the lower chamber. 
- Besides the oil-globules, the lower chamber contains also some few small yelk-cells 
- and immense numbers of very small greenish grannies, resembling in many respects very 
minute oil-globules > and* I am not, as already stated, inclined to believe thatj these latter 


are produced by the coalescence of the minute green globules. - , *'“j* 

The egg-follicle continues to grow,.and the germinal vesicle remains visible for some 
time, the largest speqif&en in which X have seen it heihg Plate XVIII. fig. 5. 
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According to Dr. Leydig, the constriction separating the two chambers begins after a 
while to become less marked, and finally disappears, the egg itself being formed in and 
filling both chambers, so that the contents of the upper chamber occupy the apical end 
of the egg, and form the commencement of the blastoderm. In this I have no doubt he 
is mistaken, and that M. Leuckart’s account is coirect, although I too have seen some 
instances which might account for his mistake. These, however, are quite exceptional; 
and as a general rule, after the constriction is formed, the upper chamber censes to grow 
larger 5 and as, on the contrary, the lower one continues to expand, it forms gi adually a 
larger and larger fraction of the whole. After remaining of the same size for some 
time, during which the lower part has considerably increased, the upper chamber begins 
to diminish, and finally becomes atrophied. 

Accor ding to Dr. Leydig, if I understand him right, the three vitclligenous cells, 
which he considers as germinal vesicles, divide and subdivide, carrying with them each 
time a portion of periplast, so that when the reunion of the two chambers takes place, 
the apical portion contains a number of nucleated cells, which together constitute the 
blastoderm. 

This description is entirely erroneous, as M. Lkuckart also has mentioned. Plate 
XVm. fig. 7 shows a nearly full-grown egg, in the upper chamber of which the three 
vitclligenous cells (<?), larger indeed than at first, but otherwise unaltered, are plainly 
visible. This is no solitary instance, but is, on the contrary, the usual process. Moreover, 
if sovoral largo egg-follicles are placed in water, it will probably happen that the upper 
chamber of one, at least, will burst, and ono or more of the vitclligenous colls will be 
pressed out. They then pxosent a cloudy appearance, but no orifice could over bo seen 
in them. 

After having fulfilled their functions, and when the upper chamber is becoming atro¬ 
phied, the vitelligenous cells sometimes break up into small irregular balls, which 
become smaller and smaller, and finally disappear. 

The general cavity of tho body of the female Coccus contains an immense number of oval 
green cells, which are apparently of vegetable nature. They aro about tdVet breadth 
and in length. Some specimens, however, are considerably longer, and present a 
constriction in the middle; those are evidently undergoing transverse division. I have 
also found similar cells in the larvee at various ages, as at the beginning of Juno and July. 

Almost always at the period when the vitelligenous cells have disappeared, and some¬ 
times earlier, a mass of these oval green cells may bo found at the lower part of tho 
upper chamber. As the upper chamber becomes atrophied, they find their way down 
to the front of the egg. Thus we may say, almost without a metaphor, that the germs 
of future disease can be detected even in the unlaid egg*. I have scarcely ever found 

* Bntozoa have been found in foetus, but not, so for as I know, in an ogg which would have hatched 
ppqpadf. See Aiiaa * Thomsons article * Ovum,’ in Todd’s Cyclopedia, p. 12. It is true that M Nobd- 
ilAimr has described certain parasites as being produced from the yelk of Torgypw, without arresting the 
darelopipent of the embryo. M. Vogt, however, considers, with reason, that tho supposed parasites are 
only detached sells, and not independent animals. 
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these oval green cells in a specimen which still contained the three vitelligenous cells 
unaltered, but believe that I have done so in a few instances. 

These parasitic cells are present in such great numbers in the full-grown female, that 
there is no difficulty in accounting for the entry of some of them into the egg; but it is 
difficult to understand why they do not appear in other parts of the egg-follicle, and why 
they increase so rapidly at a particular period in the development of the egg. 

Weak solutions of oxalic add, of tartaric add, and of sulphuric ether produced no 

effect upon these cells. 

The mature egg, besides the oil-globules and the surrounding fluid, contains also 
numerous vit ellin e spherules, which have every appearance of being true cells, but that 
they contain no nucleus. 

I have sometimes found a few of these spherules (or others very nearly resembling 
them) in egg-tubes which had not yet lost their pyriform shape; but as a general rule, 
even in specimens as far advanced as Plate XVIII. fig. 6, few, if any, could be per¬ 
ceived. Soon, however, after the germinal vesicle ceases to be visible they make their 
appearance, and rapidly increase in numbers, apparently at the expense of the oil- 
globules and surrounding fluid. 

At an early period they are small, not exceeding a<fr o ^ diameter, but in more 
mature ova they vary from yfto to toW- 

Weak solutions of acetic or tartaric acid dissolved the yelk-cells, or at least rendered 

them invisible, and left instead a flocculent mass. 

In the greenish eggs of jPhrygatwa, as described by Zaddach, the colour is owing to 
the yelk-globules themselves. In Coccus this is not the case. The yelk-globules aTe 
slightly yellow, and the green hue of the eggs is at first owing to the green granules, 
Which I have already mentioned as being perhaps only very minute oil-globules. 
When, however, the egg" is- full-grown, and the upper chamber has been absorbed, 
these green granules will,be found to be replaced by dark-green globules, regular in rise, 
and about g fa $ in diameter, and which appear, therefore, to be in no way represented 

in the yelk of Fkrygcma eggs. 1 v ' 

The vitelline membrane is formed bo gradually that it is difficult to ascertain the exact 
time of its formation; when, however, the-egg is full-grown, it may clearly be seen to 
be enclosed by this membrane, which is firm in texture, quite colourless, and shows no 


structure. 

I co uld see no trace of mieropyle, which under the circumstances is quite natural. 
The mature egg is a light green, oval mass, -j&jfrr length and tWtr & bread-flu Apr 
is enclosed m an outer structureless membrane, probably the vitelline membrane, hut, 
irk pt Srjajr 1 *, ;I never could find a trace of a second, though the,eggs of most insects are 

generallys&idtpl^yedoublecovering. r ^ „ 

$n$e these eggs fare 1 hatched almost immediately after leaving the body of the mother, 

it is evident that they do hot reqnire*so thick ashell as ikose which are deposited in 

' * * „ - 11 * * 1 r ^ \ 
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water or in the open air, and this may perhaps account for the small size of the colletcrial 
glands. 

At this period the egg* contents consist of yellowish oil-globules, colourless yolk-cclls, 
a small quantity of fluid, the green globules which give the egg its colour, and the 
parasitic, oval green cells, which axe congregated near the cephalic end. 

Dr. LdDia describes the first trace of the embryo as arising at the free end of the egg, 
and t b pT< extending with a waved course as a clear streak across the egg. It seems to 
me, however, that the first trace of embryo is at the basal cud of the egg, and I think 
that he has been led into error by supposing that this embryonic structure arises imme¬ 
diately from the division of the vitelligcnous cells (<?), which we have already seen is not 
the case. Professor IaEUCKABT also asserts that the thicke n i n g of the blastoderm com¬ 
mences at the hinder pole*. 

The remainder of the egg consists, as before, of oil-globules, yelk-globules, and 
green globules, which latter, however, are more numerous round the embryo than 
elsewhere. 

Gradually, however, the yelk-cells become smaller, tolerably equal in size; and as the 
embryo continues to enlarge, they diminish greatly, being no doubt changed in some 
iy>nmiCT into the nucleated cellular tissuo of which it consists. At the time when the 
anlennro make their appearance the ydk-colls have almost entirely disappeared. 

At this period the tib&uo of the embryo conhibts of minute colls about -^Vir to 
meter, and each con taining a bright central spot. When pressed out into water they 
often lose their distinctness, and sometimes they seem to change into green bodies, 
appar en tly somewhat cubic in shape, and separated a htlle from one another by a 
colourless, structureless substance. What conditions are necessary to this change I was 
unable to determine. 

The small cells constituting the embryo at a very early period, when subjected to a 
weak solution of either tartaric or oxalic acid, took a variety of forms, more or less oval> 
and pointed at the narrow end. Their contents became granular. Acetic acid made the 
cell-wall less distinct and the contents opakc, as if coagulated. 

Thus we see that the different bodies, which are either contained in the egg, or have 
contributed to its formation, are by no means few in number. Wo have, first, the structure¬ 
less external membrane of the egg-foUide; secondly, the cells forming the epithelium; 
thirdly, their nuclei; fourthly, the vitelligenous cells; then tho germinal vesicle with its 
nucleus, the oil-globules, the periplast, in which the three last substances ore contained, 
the yelk-cells, the parasitic vegetable cells, the green globules, the blastodermic cells 
and their nuclei, and, finally, the vitelline membrane. 

Up to this period, and indeed until the different appendages of tho embryo havo 
become quite distinct, the egg has not altered its position, but still remains in the 
follicle in which it was formed; and its head, as usual in insects, is always furthost from 
the vulva, or rather is at the free end of the follicle. 

* Bortpflaimmg trnd Eatwickelung der Pupiparen. Halle, 1858, p. 69. 
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Coccus PersiccB. —On the 22nd of May I found in our garden some specimens of 
C. perm®, which I was much, surprised to find is oviparous and not nearly ovoviviparous, 
like C. hesperid/itm. The females were, at the period in question, rapidly approaching 
the term of their existence, and most of them had already laid many eggs. These 
latter are developed almost in a similar manner to those of the preceding species, 
with however some interesting differences. 

The form of the ovaries and arrangement of the egg-tubes is very nearly the same in 
both species. The spermatheca of C. persicce, however, is less firm, and is pale in colour. 
The coUeteriai glands, which, probably in consequence of that species being ovoviviparous, 
have become small and inconspicuous, are in the Peach-coccus large and pedunculated. 

They are six in number, four large and two small, these latter being apparently 
attached by a short stalk to the peduncle of the laage one, which is farthest from the 
vulva. They lie three on each side, and their ducts open into the egg-canal close 
together, and about half-way between the vulva, and the division of the egg-canal into 

two oviducts. 

The internal structure is very distinct and interesting. It consists of many cells 
lying loose in the internal cavity, and resembling very much in form, size, and appear¬ 
ance the vitelligenous cells of the egg-follicle. Indeed, if one of these bodies was lying 
free from its attachments, I believe it would be quite impossible to decide whether it 
belonged to these colleterial glands or had come from an egg-follicle. I counted about 
six in the smaller glands, and from twenty-five to thirty in each of the large ones; they 
were nearly the same size in all the glands. 

As mig ht be expected, several specimens did not show this structure, but in others it 
was very distinct. In one specimen the glandular bodies were more numerous and 
smaller. In this case, however, they varied considerably in size. 

The egg-follicle is tougher, and the epithelian layer is more distinct than in the pre¬ 
ceding species. The number of vitelligenous cells is greater, varying between five and 
eight in each chamber, and they are also more distinct and rounder. . 

As might be expected, their number does- not depend upon the age of the follicle. I 
have seen a very young one with seven cells, and have often found old ones with only 
five. The size sometimes varies considerably in the same follicle, and did not appear to 


depend upon the stage of growth. 

The nucleus of the cells could almost always be distinguished. It consists of an irre¬ 
gularly-shaped body of a greenish colour, and presents often projections which appear 
to be un der goin g a process of separation. 'Sometimes this appears to have taken place, 
and we fihd then two to four smaller and more regular nuclei. f ' 

They never contained granulations, like those described by Htjxley, in the' corre¬ 
sponding cells, of s' 1 * 1 ' , < ^ / 

They appear finaHy;tb break up and to be absorbed, exactly as has been already 
described; but it is difficult tcrprovelhis satjuffactorily, fis iu laage follicles their cell-wall 
becomes very indistinct ) i -r'' 

' MP00CI4X. \ 
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In the early stages of egg-development there appear to be fewer oil-globulcs than in 
C. Tmperidwm, but more numerous granules. These latter arc about rOoo ^ ( ^- a “ 
meter, and are congregated principally round the germinal vesicle. They disappear if 
subjected to the action of tartaric acid. 

The germinal vcsiclo is small, but it is so much covered by the granules that I never 
cou l d obtain a satisfactory view of it, and still less of the nucleus* It is, however, smaller 
than the vitelligenous cells. 

The production of the parasitic green cells occurs in the same manner and position 
as in C 1 , he»peridmrb. Instead of being oval, however, they arc shaped like a sausage. 
They are § q in length by about ^ breadth. They arc, however, multiplied by 
division, and c ons equently vary in size as much as the corresponding parasite of C. hsspe^ 
ridvm ; and in one specimen I found them much longer than usual. 

In an egg almost full-grown the contents were of two sorts; first, oil-globules from 
^ io diameter, and of a whitish colour; and, secondly, small globules 
to 5 _^_- in diameter. These latter are rendered invisible by tartaric acid. The eggs 
when laid are of a brilliant white colour, to off i* 1 length, and tt>W fo breadth. Ihcy 
generally showed tho commencement of the blastodermic layer, and in some this had 
even extended quite across the egg. 

The oil-globules are by far the most conspicuous part of tho egg-contents; the 
remainder appears to consist of a periplastic substance. 

The small granules, which at an earlier period wore very numerous, have almost dis¬ 
appeared ; and the yelk-globules, which are so conspicuous in 0. hesperidnmi, were in the 

present species very few and of a small size. 

The outer surface of the egg-shell is covered by minute rings, of which the ends some¬ 
what overlap. These rings are from niW fo diameter, and are no doubt iden¬ 

tical with the white substance which exudes from pores on the underside of the body. 
Immersion in spirits of wine for thirty-six hours had no apparent effect on them. I also 
placed them in dilute sulphuric acid for two hours and a half with the same result. 

Tn June the females covered a number of eggs, besides those which wore not yot 
deposited. I examined a good many of the former, and found that each contained an 
embryo consisting of a waved lino of small nucleated cells, extending from one end of 
the egg to the other*. 

Oywps Ugmcola ,—Although the gall insects are so common and so numerous, the 
female sex only has yet been found, so that the males are probably only produced 
at distant intervals. Except, however, in so for as the peculiar shape of tho egg is 
concerned, the mode of egg-formation does not differ from that which occurs in other 
Hymenoptera. 

The ovary consists of a great number of tubes, which form a verticOlatod bunch, and 
ML into a common oviduct. Each tube contains about thirteen eggs (figs. 2 and 8); 
in the $a4ieat Stages there is absolutely nothing to distinguish the egg-fonnation in this 

* Iiixdxo, he. oit. pL 1. fig. 4 *\ 
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species from the type common in insects. A glance at the figures is sufficient to show 
frhii^ ao that it is unnecessary to enter into any detailed description. 

Ty/Vh of the pseudova, even after it has attained its full length, is surrounded by a 
distinct layer of nucleated cells. The walls of the tube appear to be constituted by a 
delicate, structureless membrane, so that I suppose it is the epithelial layer (consisting 
of nucleated cells) which has in some places detached itself from the outer membrane in 
order to form a dose covering for the eggs. After the egg has arrived at maturity, this 
cellular layer gradually disappears. 

At the lower end, in Plate XVII. fig. 2, one of the eggs is elongating and pushing its 
narrow end up the tube. This process appears to be somewhat rapid, at least there is 
always at this stage a considerable difference between the form of the lowest egg and 
that of the one immediately preceding it. 

The egg gradually becomes longer and longer, the narrow end at the same time forcing 
itself up the tube; and the other eggs successively undergo the same changes, until 
at length the ovarian tube offers the appearance represented in fig. 3, Plate XVII. The 
narrow ends now all lie at the upper end of the tube, and the swollen ends at the lower. 

The germinal vesicle is present, as usual in insects, but it remains visible longer than 
I have found to be the case in most other species, and indeed may be seen after the 
pseudovum has attained its mature form. 

The development of the pseudova of SolenoMa lichmella appears also to offer no great 
peculiarities. Plate XVIII. fig. 17, copied from Leuckaet, represents one of the egg- 
tubes taken from a caterpillar of S. lichmella ,, and it resembles, in all important parti¬ 
culars, a similar organ of any other Lepidopterous insect. Thtj epithelial cells, the laige 
vitelligenous cells with their nuclei, and the egg-cell itself with its germinal vesicle, are 
all of the usual structure, and arranged in the ordinary manner, 

Many other Lepidoptera have presented us with individual instances of parthenoge¬ 
nesis, in which the eggs, though fertile without impregnation, were no doubt identical 
with the true ova, and would have been impregnated under ordinary circumstances*. 

In the Hive-bee, also, the ovarian development of the ova and pseudova must appa¬ 
rently be identical, since it would appear that in normal instances; it is not decided until 
a ffipr the ovarian product has entered the oviduct, whether it is to be an ovum or a 
pseudovum, in other words, whether it is to be impregnated or not. 

At the same time the sex of the future animal is determined, since, according to 
MM. Leuokart and Siebold, eggs always in this species produce females, and pseudova 

give birth to males. j ‘ 

-YYe are then, I thlrik, justified in asserting that in the present state of our knowledge 
no difference can be pointed nut between the ovarian development of the pseudbvum- in 
, insects andthat of the true ovum. " T , ■ V - - 


u J "V *■ | ' ^ ■* 

' * Jkf. Mtt.ttWte lias lately instituted anew genua, Agetona, which belongs to the same group of moths, 
and. contains two new species, both of which uroltrplytby pio^eiwgehesis.- Ann, de la Soc. Linndenne do' 

t ncwei* '' >• ‘ V ." r f, '>~f *^ f «• r ‘ * 

1mm, 1867, VOL lV.p. 181* / *■ . i ,•* r V‘- 1 
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Description of the Plates. 

PLATE XVI. 

Fig. 1. Egg-tube of Blatta orientalis. X 30. 

Fig. 2. Egg-tube of Jfischm cijanea. x60. 

Fig, 3. Egg-tube of Pulex irritans. x 60. 

Fig. 4. Egg-tube of Telephorus. x 60. 

Fig. 5. Egg-tube of Forjicula auricnlaria. X 60. 

Fig. 6. Ter minal portion of Forficula awricidcLTia. X 260. 

Fig. 7. Egg-tube of Psocus. x 260. 

Fig. 8. Egg-tube of Pcmorpd communis. X 60. 

Fig. 9. Egg-tube of Chciloscia. X 60. 

Fig. 10. Port of egg-tube of Nepa, to show the yelk-ducts. X 80. 

PLATE XVTI. 

Fig. 1. Egg-tube of Cardbus violaceus. x 30. 

Fig. 2. Egg-tube of Cynyps lignicola , X 00. 

Fig. 3. Egg-tubo of Oynips lignicola. X 60, in a more advanced state. 
Fig. 4. Egg of Cynips Ugnioola ♦ X 60. 

Fig. 6. Egg-tube of Odynerus . X 60. 

Fig. 6. Egg-tubes of Opium hiteurn. x 30. 

Fig. 7. Egg-tubes of Nepa cmerea. x 60. 

Fig. 8. Egg-tubes of Fristdfis tenax. x260. 

Fig. 9. End of egg of Cynips lignicola. x 120. 


PLATE XVIII. 

Fig. 1, Very young egg-tube of Coccus hesperidum, showing epithelial cells, x 260. 

Fig, 2. Very young egg-tube of Coccus hesperidum, showing vitelligenous cells, x 260. 

Fig, S. Egg-tube of Coccus hesperidum. x 260. 

Fig.’ 4. Igg-tube of Coccus hesperidum. x260. 

Fig. 6. Egg-tube of Coccus hesperidum. X 260. More advanced. 

Fig. 6. Egg-tube of Coccus hesperidum. X 260. More advanced. 

Fig. 7. Egg-tube of Coccus hesperidum. x260. More advanced. 

Fig. 8. Egg-tube of Coccus hesperidum. X 260. More advanced. 

Fig. 9. Egg-tube of Coccus hesperidum. x 260. More advanced. 

Fig. 10. Egg-tube of Coccus hesperidum. x 260, More advanced. 

Fig. 11, Egg-tube of C.persicce. x250. 

Fig, 12, Very young tube of C. persicce. 
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Pig. 13. Egg of Chelmus oculator, from the lower part of the egg-tube. X 60. 

Pig. 14. Egg of Chelmus oculator, from the matrix of the egg-tube. X 60. 

Fig. 16. Egg of Chelmus omlator , from the matrix under the action of water. X 60. 
Pig. 16. Egg of Chelmus oculator, from the matrix under the action of water. X 60. 
Fig. 17. Egg-tube of SolmoUa lichenella. After Leuckabt. 

Fig. 18. Three germinal vesicles of Pterostiehus melanarius , from three successive egg- 
cells. X260. 


The letters refer to the same 
* 

m. Muscular or outer membrane. 
i. Inner membrane. 

a. Epithelial cells. 

b. Nucleus of epithelial cells. 

e. Egg-chamber, often divided into 

y. Yelk-chamber. 

z. Germ-chamber. 

t. Terminal chamber of egg-tube, 
j f. Terminal filament of egg-tube. 


parts in all the Plates. 

v. Vitelligenous cell. 
u. Nucleus of vitelligenous cell. 
8. Egg-cell. 

g. Germinal vesicle. 

h. Macula germinativa. 

o. Oil-globules. 

p. Parasitic cells. 
d. Yelk-duct. 
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TTT On the Conic of Five-poinUc Contact at my point of a Plane Curve . 

By A. Cayley, Esq., F.B.S. 


Received March 1,—Read March 24,1859. 


The tangent is a line passing through two consecutive points of a plane curve, and we 
may in like manner consider the conic which passes through five consecutive points of 
a plane curve; and as there are certain singular points, viz. the points of inflexion, 
where three consecutive points of the curve lie in a line, so there are singular points 
where six consecutive points of the curve lie in a conic. In the particular case where the 
given curve is a cubic, the last-mentioned species of singular points have been considered 
by PlUckeb and Stbutee, and in the same particular case, the theory of the conic of 
five-pointic contact has recently been established by Mr. Salmon. But the general case, 
where the curve is of any order,whatever, has not, so far as I am aware, been hitherto 
considered;—the establishment of this theory is the object of the present memoir. 


I. Investigation of the Equation of the Conic of FiveqgoinUo Contact . 

1. I take (X, Y, Z) as current coordinates, and I represent the equation of the given 
curve by 

T=(*JX» Y, Z)"=0. 

Let (ar, y, z) be the coordinates of,a given point on the curve, and let U=(#X#j Vr, 
be what T becomes when (a?, y, z) are written in the place of (X, Y, Z); we have 
therefore U=0 as a condition satisfied by the coordinates of the point in question. 

2. Write for shortness 

BU =(Xb,+Ya,+ZajU, . ' 

D S U=(X&.+YB„+Z&J’U, *' 

and let n=aX+6Y-fcZ=0 be-the equation of a line. It is easy to see that 

D*tr-n.DU=o 

I 

will be the equation of a conic having an ordinary (two-pointic) contact with the curve 
at the point (r, y, z). In fact the equation DU=0 is that of the tangent at the point in 
question, and the equation D*U=0 is that of the penultimate polar (or polar conic) of the 
point, which conic is touched by the tangent; the assumed equation represepts therefore 
a conic having an ordinary (two-pointic) contact with the polar conic, and'there&re with 
the curve. It may be, added that the two conics intersect betides in a pair of points; and 
that the line joining these, or common chord of the two nicS,is the line represented 
by the equation IfeO ;; anAth^ being so, the A cpn^tants (a, I, c) of the line 11=0 can 

be so determined as to give f ^' 

6 - f \ - - 
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3. Consider the coordinates of a point of the curve as functions of a single variable 
parameter ; thon for the present purpose the coordinates of a point consecutive to (tv, y, z) 
may be taken to be 

y+dy+id i y+ : isd*y+-fed*y, 
z 4- dz -(■ \d?z 4— \d*z ~j ^ 4 ,d* %•> 

values which, substituted for X, Y, Z, must satisfy the equations 

T=0, D a U-n.DU=0. 

4. I write for shortness 

<J 1= =:<fo "b x +dy dz d*, 

B,= <Pxb 0 + d*yb v 4- <Pz6 „ 
d i = d'xbg + d*yb v + d'zb^ 
then the consecutive value of T is 

exp. (B 1 4HjBg+iBg4"T?jB i )II 
(Read exp. z, exponential of z, s=e*), which is 

= (1+^i+W+W+iVO' 

x(l +\\ +*^5)L 

x(i +W. ) ( 

x(i +***). 

+ i*l 

+ i ^1^3 

+Ad< _ 

= u 
+ 

+ *W+WU 

+ i (b!+BBA+B,)U 

•4**sjf3f(Bi 4* 6B|B*+4B +3B3|+B 4 ) U, 

the several terms of which must respectively vanish, and wo have therefore 

TJ=0, 

b„Tj=— b;u, 

BgXTs=—(BJ+SB jB*)!!, 

b 4 U= -(B}+6Bp,+4B 1 d,+3b*)U. 
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•3 Next, preparing to substitute in the equation 

DTJ-ILDUsO, 


the consecutive value of DU is 


(#+ dx-{-\(Px +J tf 3 #+ -fadty'd ,U-f&c 

=Po+^i H-^a+o^a+'A^OU, 

where 

d 0 U=(ri^-j-^By-pisB^U— ttiU. 

Reducing by the above results, the consecutive value of DU is 

=s—JBJU—jPi+BBxBJU—A{B{-|-6BJB 9 +4B,B3-f-3Bj)U. 

6. Hence also writing 

P=<h? -{-by +<?$, 

B 1 P=a^a? +My +cdz, 

B a P= ad*x -f b(Py-{- ccPzy 

the consecutive value of — HDU is •—(P+BJP-f-iBJP) multiplied into the consocutiu 
value of DU, and the product is 

=P. *B*U 

+P. i p;+3B X B 9 )U +BJ\*B!U 

+P.^B}+6Bp s +4B 1 B 8 +3B;)U+B 1 P.iP?+3B 1 B 9 )U+lB a P.iB;U. 

7. The consecutive value of D 9 U is 

=(a»++&c. 

= x* 

+ 2xdx 

+ (dxY -BJU+&C., 

+ -J- xd?x+ dx&x 

which is 

= b; 

*4“ 2B 0 B l 

+ B 0 B S +BJ ‘ U; 

+ JBoBs+BPa 
+ABoB.+*B 1 B a +iB; 

and observing that 

BJ U=m(m-1) U, 

BoB^rr (m—^BjU, 

B 0 B a U= (m—1)B 9 U, 


B 0 B 8 U~ (m-l)B a U, 

b 0 B*U= (m—1)B 4 U, 
3d 


MDGC0L1X 
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aud reducing as before, the consecutive value of 1PU is 

= - (w-2JdfU 
- I [(wi-l)fc}+ S(m ~ 2)B £ JU 
—i 1 srC( 7?i ” 1)P!+2)(4d,d 4 -h 3dJ)] U. 

8. Substituting in the equatiou D*U-n.DU=0, wo obtain iw tl.e conditions of h 
tivo-ijointic contact 

1 - (m-2)B;U+P.Jb;U=0, 

- K ( m ~1 )B?+ 3(m- 2)B ,B,]U 
+P. KBJ+SB.ajU+B.P. i^U=0, 
-*[(»»-l)(B;+6a?3 i )+(m-2)(4B 1 3 J +335)] u 

4.p.^j[a;+6Bp,+4B 1 B J +3BS]XJ+B 1 P.i[Bf+8B 1 B,]U+^B I P. JBflT=0; 
or reducing 

P=2(w-2), 

aP _.2£, 

0,1 — 3 b;u 

.pj+capju 4 ajo 

o»P=‘3r “~y d*u 

which ore the conditions of a fivo-pointic contact: it is to be remarked that it only the 
first and second conditions aro satisfied, we have a four-pointic contact, and it only tin* 
first condition is satisfied, a three-pointic contact. 

9. "We have to reduce the last-mentioned equations; suppose that A, 13, C are the 
first derived functions of U, then the equation ^11=0 may be written 

A<?«!F-f-®^y "f* Cdis = 0, 
and this will be satisfied identically if 

dx=By — C ft, 

i 

dy~Ch — A v, 
dz= Apu —Bx, 

whei’e X, (i, 9 are arbitrary multipliers, which may bo taken to be constants. We hate 
therefore where 

D=(Bv—(Cx—Av)B„4- (A^—BX)d,. 

10. The insulting expressions for BJU, BJU, d}U may be cxliibited in the reduced 
forms given by Hesse, viz. if &=A#4* py+n, we have 

b;U=P t TJ~Q^», 

b!U=P,U-Q^*, 


b;u=p 4 u-Q 4 y, 

where the values of P w P 3 , P<; Q*, Q,, Q* are as follows, viz. if (a, 5, c,f, <7, h) are tlu» 
second derived functions of U, and if 
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H= 


be the Hessian ; if, moreover, 


a, A, g 
h, b, / 
<h A o 


<J>=- 


X, v 
X a, h, g 
p A, b , / 

' /. f 

be the bordered Hessian (wc may also write 0=(8 5 2$, C, Jf, f*i 0 2 > w here 

($3, 2$, C, Jf, ®) ar° the inverse coefficients of (a, A, <?,/, y, A), viz. $==(&?— 
and finally, if for shortness we write 

11=3,0 .^<E>+^0E>.d v <X>, 

□ =B,H .3 X 0+3,H .3 M 0+B„H.3,<P, 


then we ha\e 


*-;=r * 

^5=1™ Q.=^» H, 


■(»-!)* “> (m-l)* 

In the present case U=0, and we hare 

a;u=—Q£*, 

3;U=-Q J S ! , 

B;u=-Q 4 a i . 

11. Hence, substituting for Q, and Q, their values, the first and second of the equa¬ 
tions for the five-pointic contact give 

P=s 2 («t— 2 ), 

3>P=fTn 


and observing that n is a linear function of (X, Y, Z), and consequently that P, 3,1* 
denote simply the values which n assumes when (#, y, z), (da?, dy, dz) are respectively 
substituted for (X, Y, Z), we see at once that these two conditions will be satisfied if we 
put 

IfefgDH+A.DTJ, 

where A is an arbitrary constant, or, what is the same thing, an arbitrary function of 
(#, y, z). We have thus the general equation of a conic of four-pointic contact. 

12. The above value of II gives 

bJ>=ig3,H+Ah J U, 

8 d 2 
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and the third equation of the system of conditions for a five-pointic contact is (herelort* 

. 1 * -o , « TT _iP;+go p^+sajdju 
J jj d s H+Ad s U—i-grp- iwo 8fU 

which leads to the value of A. 

13. We have in general 

a?u 

a;u =^D<t>.U-^DlI.3* ( 

(3*+3B l 3,)U=^ DO- U-^j.nn.8', 

( 3 f+ 6 ^ s )U= i ^ T ( 2 b, 0 +D* 0 +^ n)u 

the last two of which have not yet boon demonstrated. The value of b a Tl (which, how* 
(>vev, is not required for the present purpose) is 


which also is not yet demonstrated. 

14. Putting TJ=0, wo have 

w =-Isrhp» H - 3, > 

(aj+8a,^)u—p=!jiDH.a*, 

(3 J+ 09;3,)U=- ( ^ T? (23,II+D*n+^ i d -5£=f no)**, 

and substituting, 

tH^+^nyA 

»*4(aa^+ wh+^Aj □ m) 

where the term involving disappears; the equation may be written 

A=3H(D*H+AiO— 4(D1I)‘, 
which I will represent by 


^A=3B,U,-4R* 
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the values of R a , R,, R 4 being 

f E,=H, 
K*=DH, 


R 4 =D a H+-^ T n 

4 w—I 


■ s Mh®. 

ffi—-1 


15. We have R^H, and it will be shown that 

(m—1) 8 RJ=— 9(m-2) 8 H s O 
+ 3(m—2) HaS- 
- W 


where for shortness 


and hence writing 
we have 


(m- 1 ) s R 4 =-12(w-2) s H<D 
+ 4(m-2) PS- 

- m a , 

¥=(&3B, C, jr, (3, 3II3.H, 3,H, 3„H)*, 

«=(&38, C, df, <g, 3., 3,, 3. )’H, 

« 

9H*& , A=3E s (J!i—l) 1 ®,—4(i»—l^EJ, 
gffArs-SnHH-^; 


or replacing Cl, V by their values, 

if -8(3, 38, C, ff, <&, $X3. ,3, ,3. )’H.H] 
555 1+4(3,38, C, dT, ©, »I3 A 3*H, 3.H)» J ’ 

and A having this value, the equation of the five-pointic conic is 

D*u— h jjDH+ADU)dU=0, 




where it will be recollected that the current coordinates are (X, Y, Z), and that D 
denotes Xc^+Ydy+Zd,* 

16. I remark, in passing, that the problem of finding the circle of curvature at a given 
point of a plane curve, is in feet that of determining the conic having with the curve 
at the given point a three-pointic contact, and besides passing through two given points. 
The equation of a conic having an ordinary confect, is 


D s U-m>U==Q, 


where 


n=aX+JY+<?Z, 


_ \ 

_ and the Condition of a three-pointio contact is 

~ t. h i 

let the coordinates-of ^e,two given points ;be / 



i r i 
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and lot (D’Uh &c. be the corresponding values of D S U &c., then we haw* 

T)®U 

®X-}"^Y-f-(?Z= "pxJ* 


aa 1 +h/ l +cz l 


aXt+tyi+cZi 



and if from the four equations we eliminate a, b, c, wo find 


XDU, 

YDU, 

ZDU, 

D 8 U 


y •> 

2 , 

2(w—2) 

* 

* > 

2* , 

(ffi). 

X, , 

y% , 

2a » 

/D*U\ 

lw) s 


for the equation of the conic in question; x,y,z boing the coordinates of the point of 
contact, and X, Y, Z current coordinates. 


IL Demonstration of Identities assumed in the preceding section, 

Proof of tho expressions for (b54“Schds)U and (Bj-fbBJB,)!! 

17. It will be remembered that B, stand originally for 

dx'b„^dy'b v ^da m 6 tn 
d?xd m -\- <Pyb v -d^zdm 

and that A, B, C being the first derived functions of U, da, dig, dz are changed into 


Bj»—C ft, CA—Av, Aft»—BA, 

and that the resulting value of B„ viz. 

(Bf—(Cx—A j>)B,+(A ft—BX)B„ 

is also represented by D, so that Bj=D- Tho corresponding values of d?y, dh are 

d?x=zv dB-pdC, 
dty=AdC—* dA, 
d*«c=ftdA—xdB, 

where we have 

dA^adx^hdy^gdz, &c., 

in which da, dy , dz are to be replaced by the values 

B*»—Cf*, Cx—A*, Ap—BX; 

and \ really denotes what 

<Pxd M +<Pyb 9 + 

becomes when the above values are substituted for d?w, d?y, d?z. But in the expressions 
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BfU, &c., the symbols 3„ B # , 3* contained in B x and 3 8 operate only on U, and 

not on the variable quantities A, B, C, &c. contained in Bj and B a . 

18. If now we treat 3, as an operand, that is, perform the differentiations on the 
variable quantities A, B, C which enter into 3 n we obtain 

or, what is the same thing, operating on 3JJ with 3 n the result is 

B^B^BJU+B^^+BJU, 

and in like manner 

B 1 .B;U=(B!+2B 1 B a )U, 

B l .B;U=(Bt+3B^,)U. 

It is, in fact, upon these principles that Hesse’s values of BJU, BJU &c. were obtained, 
and we may by means of them obtain the other expressions assumed in the preceding 

section. 

19. In fact, starting from Hesse’s equation, 




we have 


(s;+2a 1 a.)u=^- 1 (uiw>+<i>DU)- 5 ^(DH.a s +H.2aDa). 


But we have identically DU=0, D^=0, and this equation becomes therefore 


(a?+2aA)u=^UDo-pi i? DH.&*. 


But this is precisely Hesse’s value of B{U, or we have 3 ^,11=0, and therefore 

(B!+33 i a,)XJ=BfU= S riUD<I--^ T jiDH.a ! . 

20. In like manner, starting from the expression of 3}U, we have 

(a{+8B^ 1 )U=^ T (DU.D4>+XJD-D®)-^ll)5a)H.2&3)a+3T).DH);' 

or since DU and D& vanish identically, and the values of D-D*®, DJDH are 3 a 4>+D‘0, 
B f H+D 8 H, we have 

(d}+ 33?B,)U=^ U(3.<I>+D*®)-^Z!j5 & , (3.H+D , H); 


and if from the double of this equation we subtract Hesse’s equation, 

3;u=^ u (p*- ^ n) - ^ a «(D'H-iS_+« H$). 

we find the required relation, 

(31+63*3,^=^ (23,4>+F®+^ n) V 

' -7^5(23^+ d * h + 19 j - 

' S 1 J 
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Pioof ol the expression for BJI:— 

21 We have 

a j n=B.II(wOJ-^C)+B.n(^C-i-rfB)+B.I[(^?A-^H), 

when* f , 

dA^adx+kay+gdz, 

dtt=Mx+bdg+fdz, 

clC ^.gdx +fdtf+cflz 9 

m wliicli da\ dy, dz are to he replaced by their values; we liavt* thou?ton 

a,u=a,ii{ *[(» c_/b)?,+(/a- hC)p+(m - ja>j 

-f6[(/C-cB)?L+(oA-^C>+(ffB-/A>]} 

+&C.J 

where the coefficient of dJI is 

+(2/A-<7B-/(C)p+(//C-/B>X+(fiB-yC)?^; 

or, since we have 

(m— 1 )k~ax+hy+gz, 

(m -1)13= hx+by+fz , 

(m—1 )C —gx+fy + c *, 

the coefficient, omitting the factor which will be afterwards restored, is 

OX* 

+[ g(gx+fy+to)-c(cM+fy+gzJ\fL* 

+[ h(hw+ty+fz)—b(ax+hy+gz)y* 

+[2 \flax+7iy+gz)—g(7w+ty+fz)—h(gx+Jy+cz)]pi> 

+[ -f(fa+ty+f*)]»*■ 

+[ c(iM+fy+to)~jf(gx+jy+M)lN* 

= Ox* 

+(—■JJar+®y>* 

+(—.Ca?+^)»* 

+(—2 

+(— <0a?+ SfeH 

+(— )^f*» 

which is equal to 

—(jax*+B^ 8 +C^+ 2Jfp+2^X+2®^f6>r 

+(^+H/s*+<©i')(Xa?+ i uy+i'j!J). 
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The coefficients of c^H, 3H* have a similar form; and uniting the three terms, ob¬ 
serving that is equal to 8 (m, —2)H, and attending to the valuer of 

O, we have, restoring the omitted factor 


-«(<» g) H $ + in 

3 Ml— 1 ‘ Ml — 1 


Proof of the expressions for (DI3)* and D a H:— 

22. These are ob tain ed (for the particular case wi>= 4, which makes but little differ¬ 
ence) in Mr. Salmon’s ‘ Higher Plane Curves,’ pp. 88 and 89, and I merely reproduce 
his investigation; we have 

(DH)*= { (Bp—C p)d JE-f (Cx—• A?)d,H4; (A/k.—BA) d a H} J , 

or, what is the same thing, 

(DH) J = {X(CS,-BB,)H+p(A.d.-Ca,)H+v(BB,- ; 

and if wo consider first the term which contains X’, the coefficient is 

{(Cd,—Bc>,)H}«. 

Now making use of the equations 

(wi— l)A=ax+hy+gz, 

(»i—1)B= hx+ty+fz, 

(m-a)C =0A4-jfy+<£, 

and 

m(»t-l)U=a^+^+c^+^+2s®f+2/wy=0, 

we have 

(m—*1)*C* ~(gx-\-fy’\‘Cz)*—c(a3?'\-bip-\-cz* +2/y#++ 2hxy ) 

(m—1)*BC =(hx -f hj +fz) {gx +fy + cz) — c£A r < tfyzA r ( lgzx-\- 2 hwy) 

(w—l) a B* =z(1ix+ly'\-fz)*---b{aa?-{-by* 4* %gzx + 2hxy) 

=—(^+2^0721—Sfo*; 

and hence 

(m-iy^-BBJH)^ (-3Bff*+ 2 %xy -^)(W 

+2(—Jfj ?+®xy+%xz-~%y*)d 9 B.-'d*B- 
-j- (~Co^-f 2<Sa:2 — 

and 

yB y H+*^=8(m-r-2)H-s0A 

3s 


mdccoldl 
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* 


so ilmt flu* term is 


or rodncini* 


- ny 

+2.r(:i(/w -2)11 -.-f) I l)(ftt>,l I +®.1 >) 


( W -tyi((T>,-ii3 )wr 

—45, c, Jf, 0, ftII3,H. »,ll. nr 
+ti(///—2)ll.r(3<\II fj)(\li -f-W.il) 

-«(w-a)air. 

a:j. The other terms may be* obtained in a similar manner; and it is eas> to Mr that, 
collecting all tin* teruw, tlu 1 stun will be 


& C, 4^ 50AU, d y ll, 

+ii(Hi-2)II(u+ W /+M)l(^+ft?'+^.II+(ft^+JBf*+Jf»R10|-('£? > H 

-!i(w—2) J ii f (5i, & it, jf, 0 , ft.n. »)"; 

nr, ul(ending ti> the Mp'uilicnliuu of (lie HyinlMtlnil, ‘S’, D, Y, ne lutte 

(/»-1 ) a (Di i )'- - ii(w -ayi im» 

+8(/*-2)I! IV.J 

Hi* N ext 

jyil as Ar)^,+( A^-- BX)3 t ) u f I* 

or, what is the name thing, 

3y*il=r (^(C^—AD.) ri«: 

and if wo attend first to the term which contains X*, (he coefficient is 


(Od f -WdJII. 

Mow substituting for CJ“, OB, 1J* as before, wo have 

(w-])ifOd f -».) , ii* (- fc^+aftiy -a/wn 

+ (— 

«^*,dr,cxh„ dj»n 

4 , S^y^+* 5 ^#)(R^4“ W#) 11 

whoro it is to ho observed that tho syinbolfi of differentiation affect H only, We have* 

J“H«(arB 4 +^+rB # ) l l t 

"h (^.r) 1 XI, 
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n hcit' II is a homogeneous function of the degree 3m—6; .f9^.11, since the .£ is not 
affected by the differentiation, must be treated as of the degree 3 ?h — 7, and (,rb x )"H, 
for the like reason, stands tor BfdJH; wo have 

(yb,+z3,) a H=(3M-6)(.'im-7)H 

-2(3m-7>rb,ir 

+a*33I. 

In like manner, 

=(«a.+»a r +*aj(»a,+€»jH-rtx»»f+».M I 

=(3»- 7)(»a,+®a,)ii-i»a J (fi3,+®3,)ii : 

and hence 

(m-l) s (C!a,-Ba,)»H 

=-*“(38, f, cia„ a,)*H 

+2*[(3m-7)(»3,+©B.)H-*a^,+®a,)H] 

-0[(8mi- 6X3m- 7)H—2(3ro— 7>-3JI+a a a;H] 

=-*“(3, 38, ©, tf, ®, a .)* H 

-|-2(3ffi—7)*(9bf-Hfel^^■■©^*)3'l• 

—(3ro—GX3»—7)911. 


25. The other terms are formed in a similar manner; and collecting all the terms, we 


hnvo 

(m—l )D‘H ;= - (3 m - 0)(3« - 7 )(9, 38, ©, f, ©, ©X*> P- 


or, attending to the signification of tho symbols ^ this is 

+(8^-7>D 

—oy* ' 1 


Proof of the expressions for (w—1)*B{, (^»—l)^ 

26s We have 

+3(m-2)Haa 


-W, 

■ r 

=s-12(m-2XH<J> . ' ' 

t ■ *4ti » ' 


- .' M r ■ k j.; ' 

U t J- ? -*■*, - t- ; r i •fjJ 

^ i z i r ■- -h ,j ■, j | i ^ j ^ "l . j ^ ,|l j3 , 

* t ' - * ~ ^ % t-V* v J J S ^ ' 1 ^ 

which are the expressions +»***"**-' - lU * ■<*-' ■ 1 ‘ n 


^ i 

W 1 


r ■'■O' 


S b 2 




o 

'> 
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Proof of corresponding expressions for (w—(m-~l)*Q< :* 

27. We hate 

( /lt _ 1)«Q3 =(/m—1 ) J (DI 

+3(wi-2)iiaa 

-■sre 


(ui-I^sbCw-I ) ,J D a ll-(/w~1 p □ +(:iw-«)(w -» W' 1 ' 

ss—(>(m—2)(w— 3)1 
**p 2(nt —3) CJ & 

~m a . 


To which I join 

(m~ l)U=H- 

28. We have consequently 

(t/i—1 ) 6 ( 8Q|Q 4 —03) =—9(w&— 2)(?n—4) Il a O 

+3(w-4)1TDS> 

and 

(m— 1 2 )Q»Q 4 i ^-2(w—• 8)Q5) = (“*• 8(ni—2)11 II+2(tti—8 


which for mss 4 become ' 

729(8Q,a-OJ)*(- mn+V)**' 

29, In the case m=s=4, we have HesSk’s theorem, that the equation 30,0*—Q»«0 
gives a curve of the 14th order, which passes through the points of contact of the double 
tangents, vis. substituting for H, ¥ their values, the equation of this curve* is 

-SH(ft S, C, Jf, A JKB, ,3 f »VH 
+ (ft *, C, 0, *XM*, Vt W-& 


I have added these remarks for the sake of pointing out the striking resemblance of the 
Oppressions which occur in the double-tangent problem for ws=4, and in the present 
theory of the five-pointio conic for any value whatever of m. It has not hitherto been 
shown the ^restione v 8(?»—2)^0*—2(m—3)QJ and — 8(w—2)Uii+2(w—3)^ 
respectively denote, except in the particular case m=4. 


’ ' l 1 f “ ■ r ■ 

lit AfpU&xHoh affkt Formula to the Cubic. 

j J w ^ ^ ^ ^ ^ 1 

'■ ■, SO. I shall apply the formula for the fiv^-pointic ctmie to a cubic; to avoid confusion 
te^ humerical,factor, I write U', H' in the place of U, II, so tliat wo have 

c, $, e, , j’ . ■ 


_ ( 


. v 

1 r 
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A= 


’§ir 




and then the equation of the five-pointic conic is 

D s U'-|^,DH'+ADU')dU'=0. 

I take as the equation of the cubic, 

U==^+?/*+^+ 6 ^ 3 = 0 ; 

the formula: Table No. 70 of my Third Memoir on Qualities*, putting H for HU, ghc 

H=P(a , +y*+r , )-(l+^)0r. 

Hence wilting 

U'»4(^+3f+^+8%*)> 

the first derived functions are 

£(#*+2^3), 4(^+2 Izx), ; 

the second derived functions, or (a, b, c, f, g, h ), are (#, y, z , to, by* h), whence H =r—H , 
the inverse coefficients ($, 35, C, Jf, 3?) 

{yz-Ptf, zx~Pf, xy-Pz\ Pyz-h*, Pav-If, P#y~lz*)\ 

and putting U'—JTJ and H'=—H, we have 

r-8(gfc3te,;r.«,MA .vh.h 

; +4(8, 35, C, 4T, 6, A *A * 

and the equation of the five-pointic conic is 

I)*U*“ ^ ^ADujfiU—0. 

31. We have 

(a, 35, C, Jf, <8, SO?* ^)*H 

as (yz~~M)*QPi r 

+ (ztc—Pf ). 

+ (ay—W).6P$ - 
+2(ty*-^).~(l+2P)* 

+2(^-^ fl ).-(l+2% 

-|-2(^y— iS^)« ^—(1+2?)^, 

as lW l tf|*-fl^+/+^) 

- 6?(1+2^+2J[l+2^ 8 )(® 3 +^+•« s, ) 

= (12^—> 12?)a?y«4‘ (2^—2Z 4 )(a7* -f,V*+**) 

=as 2(^^)(^+y*+^+6%«), 

(a, as, c, jr, ®, ^ b.)*h=b«.2s,u, *. , 

where S is the q^uartinvariant (see the Table No, 70). For the jwesent purpose T,T=0, 
and consequently > . ^ ^ 

: r , (am €> f, 

* FhUoi^piiiflih VoK esid/tlSse), pp* 027-64(7, 


which is 


or we have 


^ * 
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-V; 


x.v +/ +*■ ) 

)(//V+aV') 
+//“ +«" )*F 


1 * £■ 


1 v* V| i 

If r ■» J 


83. Next, 

(9.33, C. Jf, «. »3C3.U, a,H, 9JO 

= (i/z- W) [33V—(1+2/%*]“ 

+ (M-V) PV-( i+a/')^i’ 

+ (•i-^pw-a+^J 1 

+2^(-^)[3^-(l+2/’>.r][:W'-( I +2/’>n/1 
+2(f , »--//)[•') W-( I +2/*}r//p/V-( J +2/')//-1 
+2(/ a jy-fc*X'W-(l+2f)yr][3V-Cl4-*^).-.i‘l. 
tho first, throe linos of which arc 

9 toyz(iit‘+f+z‘)- 18P(l+2 W«’+( L+2/ 1 )V* J +sV+-r>') 
-0^+/+^)+0P(l+2^^+/+*")~8^ 1 +2/")V.y 

nr collecting and reducing, 

(-93* 

+(l+43 l, + W 
+( 153*+12P 
+(—213 1 —48P—123*) «Y»'i 

the wound three lines are 

18P(/* , +^+aY)- 12? ( 1 + 2Z “) < ^^+^+ Si *)+ (! ^ 1+2 ^ Vi ' / 

—643*a s </V+12P(l+2P)(yi!‘+* , <r , +*y)—23( 1 +2P) , itji2(^+y'+: 1 ); 

1 

I 

or collecting and reducing, 

. . (123*+423* XfsP+faP+tff) 

+(-23-203‘-82PX* J +f +«“ )*F 
+(e?-803‘+243“) ay* 1 . 

Hence in the first part replacing the top line by 

-9^ , {« s +y+z , )’+18% , * , +^ ! '.■! J +^r !, /). 

and nnitmg the tiro parts, we find 

* ■ ■ • (a. aa, c; s ,«; w&m, a f H, ajir • 

' »■■'.' i(i+wx(^+»v+«y) 

• +(-9?, : ! ')(«*'+y* +** )' •' 

'+(-.23^63*—2!)2 r ){«* +y* +** jay* 
+(_16P~78^12P) 

* „ t *' , ' ' 

to the Table No. „7 j 0, afid voting 0 for 0U 4 we have / / 

^ «■ tjpX B*H, ajlj'e®, •' ■. ■; 




aSS'*'? 



n 

' *A ,» 
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where 0 is the first of the three functions which may be chosen to represent the 
octicovariant of the cubic. 


33. We have thus 
and thence 


A_i ® , 

ii — o h 8 


D*U- ^1-gDH-^V S,DTl)DU=0 


as the equation of the fivc-pointic conic: the investigation has been conducted by moans 
of the canonical form of the equation of the cubic, but the form of the result shows 
that it applies to the equation of the cubic in any form whatever. 

34. If, however, we continue to represent the cubic by the canonical equation 

the result may be further reduced. Wo have, putting U=0,or writing rtZ’+z/~ 

Has-(1+8 P)xyz; 

moreover, putting U=0, the Table No, 70 gives 

0=(l+8?)V« 3 +^+^)-- SMBP; 

or substituting for II the last-mentioned value, and putting for shortness 

QayV+^+ay - 3 PjfyV, 

wo have 

0=(l+8f) a Q; 

an<l with these values of II and Q, the equation of the five-pointic conic is 


where 


OT +(*(i+^ n -* ( i+Av» 1)U ) DU " 0 ' 


DU =S{(a*+2^)X+(y , +2ki')Y+(* 1 +2%)2:} 
D s U=6{(X , +2WZ)a;+(Y , +2fflX)y+(Z , +2D£Y)2}, 
or, as it will be convenient to write it 

=6(#, y, z, lx, hj, kJX, Y, Z) a , 

DH® (8W-(l+2?)jf2)X+(8?y--(l +2?‘)*«')Y+(3i! , * , -(l+2P>i!y)Z; 
whence, finally, the equation of the five-pointic conic of the cubic 

X“+Y 8 +Z a +6ZXYZ==0 

at the point (x, y, z) is 

9(1+ y, z, lx, ly , lz% £X, Y, Z) 

+ {(^+a/^)X+y+2*w)Y+(j^+2fay)Z} X 

8*y*‘[(8?*‘~(l+2P)y2)X+(8? , y*-(l+2?)2®)Y+(3?^--(l+2P)^)Z}) 

—Q[(«'+2&« )X+(y a +2Z2* )Y+(**+2Jay )Z]( 

a result which I had previously obtained by a special method. • 

85. But the expression ^ may, he erfuhitact i 9 ;,a dlfS»eut, form by a taaasicmatiim 
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suggested b) a geometrical theorem of Mr. Salmon’s. In fact. tho tangent at tin* point 
(,r, //, :) moots tin* cubic in tho tangential of this point, and tin* eoordinatos of tin* 
tangential aro .r(//'—;’’)+//(r(.r’—//’). Calling those t n* t> the equation of tin 
tangent to the cubic at tho tangential is 

(?+2«)X+(*+2/^ 

Now wo have identically, 

:5,f*// , r , {(8/*.i a —(1 +3^r)X+(3/y-( I +(W:‘-[\ +2/'^)/,} 

-Q{(j'+3/^)X+0 , +2fcr)V+(;'+^/.c//)Z) 

= {(?+2«)X+(»’+‘-i«)' 

+ II l ■!■'(—.V 5 — -('/-) X +//’(—;'—•»''+- /w) V 4 -.r'-t/'+'-ih-i/)'/, 

In fact tilts relation will bo true if only 

;uy/(: u\v* - (I +a/ J ),^) - <i(.r 9 + zip) - (?+2«> 

=s. U,r' J ( — y 1 —c’+a/yr). 

And substituting for 5, jj, 21 and <1 their values, tho left-hand sub* h 

- (.i* 4- '±t#z)tf;' +i“,r ‘+.r' 1 // 1 - IS/Vyr') 

aud expanding and reducing, tho rcKult is 

®>(_ (/+?)*-ttritf+z"))+2hji(-2x‘(f+?)+:>*) +12/V//*: 1 '; 

whence, dividing by of, tho equation becomes 

+s 3 Xa’ a + 1 ^ Wff? 

«(^^^ + 5W>bX^+/+ 2 j +«/^ 

which is identically true. 

3b. Iionco in the identical (*quation putting lla=0, wo see that the npiutiou of the 
tivc-pointic conic may be written 

0(1 +Wyipz*(*> y> 2, k\ ///, V, Z)* 

*f*{(^*+2^)X Y **{-^iJ* X 

{(?+2«)X+(u’ +2«| )Y+(P+3/fc //} 


whoiti *j, 2; stand for «*), y( 2 8 —a* 8 ), ^(a? 8 —//)„ the coordinates of the tangential of 
tho given point, and which puts in evidence tlio geometrical tlieorem above refernnl to, 
via, 

ThMfwi >~The common chord of the fivc-poiutio (ionic and the* pohur conic is the 
tangent to the cubic at tho tangential of the given point. 
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or wo must have 


87. The fivc-pointic conic meets the cubic in the point of oontact, considered as five 
coincident points, and in a remaining sixth point or point of simple intersection. The 
process by which I originally obtained the equation of the five-pointic conic, led also to 
the equation of the line joining the point of contact with the point of simple intersec¬ 
tion : the equation of this line is 

WfA +Y#((l+8^y+(4Z+41^ > 

[ 4-Z s ((l+8F)s 4 +(4J+41^ 

—6Q^^v{X(3?V--(l+2^)y«)+Y(S^y—(1 -f2^)»r) 4*£(3£V—(l-j-2r)a^) j 

+ Q a {X(^+2W+Y(y*+2M+ W+ 2%)}=0. 

38. If the conic meet tho cubic in six coincident points, that is, if the point of contact 
be a singular point of the kind already spoken of, or, as we may term it, a sextactic point, 
then the last-mentioned line must coincide with the tangent at the point. Represent 
for a moment the equation of the line by 

ax+by+cz=o, 

then this lino is to coincide with the line 

(a?* -j- 2 Iyz)lL- f- (v/ 8 4" 2 ls$) Y -f - (z* -j-2 l&y) r /i =0, 

B(2® H-2%)—C(;// 8 +2^)=0, 

C (*■+ 2lp ) - A(s a 4* 2fay)s=0, 

A(y 8 42 ^)-~B(A' 8 + 2 /^)= 0 , 

which must be equivalent to a single condition. Tho terms of A, B, C, which contain 
1 0*+2^*i y*+2lzx> z*+2ky 

respectively, may, it is dear, be omitted, and omitting also a factor <tafyV» we *&&y write 
Ars 3x*yz((l 4* 8 1*)$* +(42 4- 41 tyyxfyz 4- (—22 8 4" , 22 B )yVj—2Q(8 W —(14“ 2 2*)ya) j 

B =* 3^((14- 8^y 4- (424- (1+2J 1 )**), 

and the like value for C. The last of the three equations is 

[ (^ 8 4"2^)((14“8^ fl )3 ?# 4”(4?4“41^)5?*^4"('*“2?4-22 a )#^V*) 

3 ^ S [_(^ + 2^)((l+8Py+f«+41Py*®+(-2P+22 , K®‘). 

-2a{ .y+2&®)(8?a‘—(l+S^is)—C® , +2^«)(3Zy—(1+2? 1 )*®)} 

«0, - J , • - 

> 

where .the function on the left hand is 

\ 'i h 

f (14-8?)(ay~^y+2?(4i # j!-.j , *))| 

; =t : *. Seg* +(4?7f 41i‘)2?(4^i? _, 

' - ' - - l , 

» T r gi 1 * 

- &v 


MDCOOLUE. 
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or, what is the same thing, throwing out the factor s, it is 

= {3(1-4- 8?>y + 6J(1+8 + 80?, ( 1 4 8 pypfz* 

or thr ow ing out the factor ( 1 -I- 8 Z 8 ) and substituting for Q its value, it is 
= {Bay+4 30 m/tf- Ziff+W+aftf- 
The first factor, reducing by the equation a? -ly+ 3 3 + 6 /^ 2 , 

== 3 ay— 4^*4^) 4(^ 43^4^)* +sV +a?f) 

=%a?y*+s?(tf+f+t?)— 2ya 8 +3V4ay) 

ss 


39, Hence putting for the moment 

M= &)(&—&)* 

it appears that the last of the three equations is Mz=0; the first and second are of 
course Ma?=0 and My=0, and the required condition is M=0, that is, 

&?)(&» 0 , 

the equation which, combined with the equation of the curve 

A 3 4y/4^4 6fov/2=0, 

gives the sextactic points, Thera arc consequently twenty-seven such points, and it is 
at onoe seen that these are the points of contact of the tangents to the cubic from the 
points of inflexion, or, what is the same thing, that the twenty-seven scxtactic points form 
nine groups of three each, such that the three points of a group have for their common 
tangential one of the nine points of inflexion. In fact, let a be a cube root (real or 
imaginary) of unity, the three sextactic points of one of the groups will be given by 


X—atlj =0, 

[tf+tf+fP+$laiyzzsO» 

Now consider the tangential of any one of those points, its coordinates are 

or, reducing by the equation ^^=0 r or » 

is the same thing, ^+^=0,^=1)^ that is, the point » x ) is one of the points of 
inflexion. This is the construction of. the, sextahtic .points' obtained by FlIIckisb and 

^ 1 ■* 1 


t \ 
«■/ 


. ; ; 4o! Eeverting to the equation of the line joining the point of contact of the five- 
: ^^;^ia>ilh„thopoint of simple intersection, this meets the cubic ina third point, 
' ^ that, this third point is in feet the second tangential (fen- 

of confect, or, what is the same thing— 


\ i : 
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Theorem .—The point of simple intersection of the cubic and Hie five-pointic conic is 
the tliird point of intersection with the cubic, of the line joining the point of contact 
with the second tangential of this point. 

41. I have not sought to "verify this theorem by my formulae. I remark, that com¬ 
bining it with the before-mentioned theorem, the five-pointic conic is completely deter¬ 
mined as follows; viz.— 

Theorem. _The five-pointic conic touches the conic at the point of contact (two con¬ 

ditions) ; it passes through the two points in which the polar conic is intersected by the 
tangent to the cubic at the tangential of the point of contact (two conditions); and it 
passes through the point which is the thrnl point of intersection with the cubic of the 
line joining the point of contact with its second tangential. 

42. The construction for the point of simple intersection leads at once to that for the 
sextactic points; in fact, consider a point having for its tangential a point of inflexion: 
a point of inflexion is its own tangential, and the second tangential of the first-men¬ 
tioned point is therefore the point of inflexion: the line joining the point with the 
second tangent is therefore the tangent at the point, and the point of simple intersec¬ 
tion coincides with the point itself, that is, the point in question is a sextactic point, 

43. I represent the equation of the five-pointic conic by 

(M, W=G; 

the valuo of a is 

=9(1+8?)^ 

+3afyV*(3 P®*—(1 1 +2%f*) 

—Q(^+2 lyzf, 

in which equation 


that is, 
and we have 


or reducing by the equation 

5ks^V+ 0*(—a 9 — blxyz) —SftrtyV, 

—Q=^+ +SPflfyV—V, 

4* 2J(1 +2? Jj/W) 

-f(a^+6&Ffy#+yV)($H“ 4&r 8 ys-l- 4PyV). 

We have in like manner 

• r , •• • -i>f8<s’y***{(3?y-(l+2P)M)(«i , +2%)+(8?* i ‘—(X+2P)ay)(y*+2&®)} 

/ ' 1 { 

tide coefficient of B^^inthesecond line is "" '! „: ' 

, ' . ; ■ j'-‘ .5-;; f -' - : . 

my. ** ' 1 ^ p. -C- -C- W C' ^ 
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or reducing by the equation of the curve, 

=(1 — 4Z*> 4 +(2 Z—32ZV^+62y« a . 

And the coefficient of — 2Q is 

=^ 9 +2ir^+2 3 )+4f ! <t' 9 ^ ; 

or reducing by the equation of the curve, 

=—2&P 4 — SPafyz+y'z*. 

And we have 

2/~ 18?(1 -f 

SafyV((l—4Z 3 )a?*+(2Z— 32 OPtyV) 

4-2(^+G^+3WyV-^ 3 )(—2Za- rf —82 “^j8+?/«*)- 
Reducing the expressions of a and 2/, we find for the coefficients (a, It, c,f, g, h), 
f a= ^°+10^+40W^ 9 +(5+120^^~10^Y^-4^, 


2/s= - 4/a? 10 —40ftrfys+(6 - 120P)afyV+40fafyV 4- 8?^—2//V 


which gives the completely developed form of tiro equation of the fivo-poinlic conic. 

44. I investigate the coordinates of the point of simple intersection of the cubic and 
the five-pointic conic os follows: the equations of the two curves uro 

X*+Y B +Z s 4-GiX:Y55 
(a,b,o,f,g,h XX f Y,5SJP«0; 

«=1, A =*c, 

y=6ZXY, B=2^X+/T), 

5=X 8 -f Y 8 , C « oX a +2/iXY+i Y 8 , 

then the two equations are 


or if we write 


aZ 8 +yZ 4“& “O, 

AZ 8 +B75+C«0, 

and the result of the elimination of Z will bo 

(aZ® 4“ y^i H - 7^*4" ^ 

where Z lt Z| r are the roots of the equation AZ*+KZ+C=0; that is, we have 
■ ; a § :&' 

* , ^ +«yO(B 9 ^2AC) 

< ' + i^(-~ i£+2ABC) 

, +9* ok* ■ ^ 


»L T* f ' u 


" ,v" * '> 1 " , BA* 

\ Sj.' ,'V' ■’ /ii, 1 '.;., , 

>. ¥ * L u 3 / ' K '*- * A 8 ' 



^-0 

vt 


•■r 
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And substituting for A, B, C their values, but attending only to the terms which involve 
X° and Y 9 , the result is 

45. But the result of the elimination must obviously be 

(Xy-YxyC&ft-YxO^O, 

if (# n y lf z x ) are the coordinates of the point of simple intersection. Comparing the 
two results, and forming the analogous third equation, wc may write 

x*x^+(? - 8 

ifijx =c 3 •+ a 9 —8 g*+Gcag, 

z% = a? -f 1 )'* ■— 8A 3 -f Mh, 

where the value of tfx x may also be written (6 -f 0 — 2/) (/;+(w—2<v*/ ) (£ 4“ fa* —2<»/), 
o) being an imaginary cube root of unity, and so for the other two terms. The factors 
of a?x x might be calculated from the identical equation 

#Y*H- 2/YZ+eZ 8 s= 9(1+ Wytf£(yY*+z7J+ 2fcYZ) 

+{(y»+2^)Y+(« a +2^)Z} x 

f 8a:y^[(3^ , -(l+2P>a;)Y+(3?*’-(l+2P>ry)z] 1 _ 
l - Q[(y*+2&®)Y+ (z s +2%)/] ) 

I remark, that putting #=0, we have 

&Y*+2/ YZ+oW- -f&XfY+z*'A)*, 

and hence writing 1 for Y, and — 1, — — 0 * for Z, we have 

and hence the product of the three factors is — which is 

equal to —&)*{$+^) s 5 which vanishes in virtue of the assumed equation J?=s(). 

This shows that the function ^+c 3 —8/ , +6Jc/contains the factor &\ I have not veri¬ 
fied & posteriori^ but I assume it to be true, that it contains in fact the factors*, and con¬ 
sequently that the expressions for x L3 y x , z x are rational and integral functions of (x, y, z) 
of the degree 26, and containing respectively the factors x t y, *. 

48. In the theory of the cubic, a point which depends linearly upon a given point 
ma y be termed a derivative of such point. Accord in g to a very beautiful theorem of 
Professor Sylvester’s, the coordinates of a derivative point are necessarily rational and 
integral functions of a square degree of the coordinates (a?, y, st) of the given point; and 
moreover, there is but one derivative point having its coordinates of any given square 
degree wfc 8 , or, as we, may express it, only one derivative point Of the degree m\ The 
successive tangentials are derivative points of the degrees 4,18,04, dec.; the third point 
of intersection with the cubic, of the line joining two derivative points of the degrees 
m* and n? respectively, is a derivative point of the degree . Thus the third point 

of intersection with the cubic* of the lino joining, the given point with its second tan- 
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gential, is a derivative point of the degree (4±1) 3 , and it is easy to bog that the degree 
is not 9; it is therefore 26. The point of simple intersection of the fivo-poiutic conic is 
a derivative point of the degree 26; it is therefore, according to Professor Sylvester’s 
general theory, identical with the point given by the former construction; this agrees 
with the before-mentioned theorem of Mr. Salmon. 


IV. Independent investigation for the Cubic . 

47. The following is, in substance, the method by which I first obtained the equation 
of the five-pointic conic, for the cubic 

X 3 +Y 3 +Z 3 +6D£YZ=0. 

Write for shortness 

U = a*+tf+z*+§byz, 

V ^(^+2^)X+(/4-2^)Y+(s*+2%)Z, 
W=(X 3 +2TO>+(Y 9 +2ra)^+(Z 3 +2«XY>, 

T s=X 3 +Y 3 +!Z 3 +6ZXYZ, 

P zsCW+by+CZ, 

n «=«x+^y+6*z. 

Then X, Y, Z being current coordinates, and a?, y, z the coordinates of a point of the 
cubic (so that U=0), the equation of the cubic will bo 

TsaO, 


and the equation 
(a?, y, z ), will be* 


of a conic having with it an ordinary (two-pointio) contact at tho point 

2W-nY^0. 


48, Now i mag ine from the point of contact lines drawn to the other four intersec¬ 
tions of the two curves; in the caso of the five-pointic conic, three of these lines will 
coinddewith the tangent V=sO, and tire remaining line will be the lino joining the point 
of contact with the point of simple intersection. Tho equations of the lines in question 
con be found by Joachimstual's theorem, viz. if (<r, y , z ) bo tho coordinates of a given 
point, and (X, Y, Z) current coordinates, then if in the equations of any two curves wc 
substitute for the coordinates, Xfl+j&X, Y, Xs+/*Z, and between tho equations so 
obtained eliminate X, the resulting equation will be that of the lines drawn from the 
point fr, #;#) to'tife points of intersection of the two curves. The point, fa y, z) is any 
point whatever^ and it nay therefore be a point of intersection, or, as in the present 
instance, a point of contact of the two curves; the only difference is, that in either case 
the degree of each equation as regards {^> is reduced by unity, and tho degree of the 
resulting equation in X, Y, % is also reduced by unity: in the case of a point of simple 
intersection this is the only reduction; but in the case of a point of contact, the, result* 

introduced tbe fector % to make this oorrespond with tbo form UDUattO, in tbs caieJa 

.1 . ^ ' r .I'y-Ti ^ f *■ i . v 


it 
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ing equation contains the equation of the tangent as a factor, and rejecting this factor, 
the reduction in degree is two units. 

49. Applying the method to the two equations, T=0, 2W—nV=0, and Substituting 
therein for the original current coordinates X, Y, Z the values A#-|-f*X, 

Xs+ffrZ, the equations become 

X 9 U+3*>V+3X|C6*W+^T= 0, 
2(X a U+2^Y+pW)~(xr4-^n)(xU+^Y)=^ ; 
or writing U=0, and omitting from each equation the factor p, the equations become 

^SV+^.3W+f* 8 T =0, 

x(4—p) v -t>K2*w—nv)=0; 

and putting in the first equation A.=2W—IIY, (4—P)Y, the result of the elimi¬ 

nation contains the factor V, rejecting which it becomes 

3(2 W—nV) s — 8(4—P)(2 W—nY)W+(4 ~P) 8 YT=s 0, 

which is of the fourth degree in (X, Y, Z), as it should be, and represents therefore 
the lines drawn from the point of contact to the other four points of intersection of the 
conic and cubic. 

50, The equation may be written 

-3(2w-irv)((2-p)w+nv)+(4-P) a vr=o, 

and we obtain at once the condition that tills may contain the factor V, viz. thin con- 
dition is 

r=2; 


and if this be satisfied the conic will have a three-pointic conic, and there will he three 
other points of intersection. * And writing P=2, and throwing out the factor V, we find 

SIPY—6ITW 4- 4Ys= 0 

for the equation of the lines from the point of contact to the three points of inter¬ 
section. And we have now to determine IT so that the function on tire left hand may 
divide by V*. 

51, I-simplify my original method by the use of a theorem of Mr, Salmons, viz. 


writing 


T=X 3 +Y»+Z 8 +6QCYZ, I $ sr^+Y^+^-Cl+S^XYZ, 


W=(X # +2ZYZ)ar+ - ®,=:(3PX 8 -( 

Y=(^+2^s )X+~ , H,=:(3^-(l 

we have identically , 

: , ,, 

*■ 1 y 4 

and in the present case, since U™ 0, , 

' '■ -;THsaWH,-^ 

k j» ^ ilrf h , Ah _ ^ J .J* I J 

1 k * 1 -^J r-s' ' 1 > 1 $ r" 

1 ' H a ' -V :■ ; L \> ' ? 


&=(3PX 5 -(1+2P)YZ )ar+- 

H 1 =(3Pa»-(l+2? , )ya )X+ 

H =P(« s +y , +* , )-~(l+2P>4» ■ 
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Hence, multiplying by H and substituting this value of TH, the equation becomes 

3HIPV—6H3TW+4WH,—4V®,=sO, 

or. as we may writ© it, _ . _ 

1 V(8Hir-4®J+2W(2H,—3HII)=0; 

and we can at once maJke tbe equation divide by V, viz. by assuming 

n=f%+*AV, 

where A is arbitrary. We have thus a four-pointic contact. And substituting toi IT, 
and throwing out the factor V, the equation becomes 

3H(|§+JAY)’— 4&+2W(fHA)=0, 
oi leducmg, 16 ^ H j_ 8H ^^_ 36n . AW+ 24 HH 1 AV+ 9 H s A*V 1 = 0 , 

which is the equation of the lines drawn from the point of contact to the remaining two 
points of intersection. 

52. I write for greater convenience 

0 being as yet indeterminate, the equation is thus reduced to 

9H 3 {H(H?^3E® 1 )+0W}-OH i n l ©V+0 9 Y fl «O. 

And we have then to determine © so that the left-hand side may divide by Y; or, what 
is the same thing, wo must determine 0 so that 

may divide by V. This implies the existence of an identical equation, 

H(H;~ 3H&)+©W=MU+NV, 

which for IT=0 would give the decomposition in question; but I have not investigated 
the values of H and N. I assume at the outset U=:0, and putting, as before, 

Qrs^+zV+a 18 ^-- SWtyV, 

and writing also 

, ; , S= X*[(l+8F>*+(4Z+ 41tyty*+( - 2 P+SPJpV] 

\ +y^t(i+8 

' ' ' / *a»X{H-8V'+(«+41 Vv+(r-«!+** , WJ. 

' J ^ ^ * I 1 

I remark that for' u£*0 Sve liaVe 

M , r 

an equation which, observing that' ‘ — ' ' 

•: e-fl+spj-o, 


* ■, i 


v 


incf also 


fiiTr t w 1 H-t 


1 
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muv be written 

aHRO+ews -(i+8**)vs, 

which gives tlie required decomposition, so that © having this value, the conic will have 
a five-pointic contact. Reducing by the last equation, and throwing out the factor V, 
wo find 

- 9II 8 (1+8P)V - 6BP0H,+© a V=0 

tor the equation of the line joining the point of contact with the point of simple inter¬ 
section. And if in this equation wc write H=~(l+8PJagp, and @=(1+8PJTQ, we 
obtain, finally, for the equation of the line in question, 

SfcfyVS - 6^VQH 1 +Q S V-0, 

which is the before-mentioned result. 

58. It only remains to verify the assumed equation 

^^H!+VS+(1+8?XQW--8^2 8 ® 1 )= = 0. 

We may write 

—Q ss# > +6&ty*+ SZVy 
and then observing that 

"W — *pX a + •• + 2 les YZ+- , 

%ssZPaX*+ — (l+2P)a?YZ— •• , 


we find at once 


(1+8^XW-3a'Y5j%0= 

f —^/V)X* 


~(1+8P) 


+ ( 2 ^+ 12 £Vyz~ Wtfz*~ZlMfx*)YZ 


Next writing 

H,= (3?^-(l+2?)^)X+", 

Y= (**+2^*)X+», 

S = ®{(l+8?>r‘+(«+41Z‘)® , J , *+(- 2? + 2 V J! ’> X + 

and forming the expression for 

—ayaHJ+VS, 

the coefficient of X* is 

-<** {3^-(l+2^} s 

+(tf*+2Y&)#{ (1+8?)a?*+(4?+41 l*)ah/» +(—2Z“+2?)yV}, 

which is 

=(1+8 

* - 

the cocffident of YZ ia ' 

— 2^c«(8jy- ; (l+2P)K»)(8?* , --(l+2?>(y) /" 

{(1 4"( 

+(*»+ 2 ?+2?)iry} 1 

HDOccm. . 8a ' 
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which is 

—(X 4.8<?){yV(^+3 3 )+ $hfz?-\-l2Mjz(y*+!f) ++^)— 2 ^/ 5 "}; 
or substituting for y*+z» sad y*+«" the values -s"-6 Ixyz and {.i*+GZxyz)’-2yV re¬ 
spectively, this is ( 1+8 p)( 2 to»-|- 12 Pj,' 3 «- &a?tf* , —2l*fz‘)- 

We have thus 

—ayzHJ+VS 

(tc’+Wyz+lW<i?ys—i>:y's‘W 


=(1+8P) 


and the equation 
is thus verified. 


+(W +V2>Mjz - 8atyV - YZ 


-^H;+VS+(l+8f J )(QW--3^ a ® 1 )==0 


Addition .—The forgoing memoir was communicated to Mr. Salmon, and I am in¬ 
debted to him for two notes* containing the extension to a cum of any order, of the 
preceding investigation for the case of a cubic; I reproduce this extension in the follow¬ 
ing section. 

V. Extension of tJu> last preceding method to a curve of my orrfcf. 

64. r>inaififty the cum of the »-th order Y=0, and in the place of the coordinates 
write tar+pX, Xy+pY, Xz+fsZ, where, as before, (x, y, z) are the coordinates of the 
point of ihe curve, and X, Y, Z current coordinates; the term involving X" vanishes, and 
dividing out the factor the equation becomes 

) L —>DU-)-iX—>D*U+iX"-> , D , U+JfX—y D‘U+&c.=0. 

MftHftg the like substitution in D , U-riDU=0, the assumed equation of tho five- 
pointic conic, the factor p divides out and tho equation becomes 

2x(m— 1)DU-t-pD’U—(XP +pJI)D , Uss 0, 

- or,what is the same thing, 

; !■ xDU(2(«i-l)-P)+pfD*U~ra)U)=0: 

.rJ- ^ l 

and if from the two equations we eliminat e X, p, the result, throwing out the motor DU, is 
(D^-nDu)^‘-i(2(«»~i)-i-p)D , u(D , u--ra)U)“-*+&c.=.o, 

. where all the terms after the second contain thd factor BU; the condition in order that 

- the equation may divide by DU* is consequently 2(m^i)^-Pss2, or Paa2(«t—2) t the 
, condition of a threo-pointic contact Substituting this value, and dividing by BU* the 


* V if 1 J ^ r 



I1DU)-*-iD‘U.DU(D'U-nDU)*’‘+*c,=±0, 
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which will be divisible by DU if — ITD a U , 4"'§D s U is divisible by DU, and the condition 
for this is found to be, as before, 

n=f|jI>H+ADU, 

where A is arbitrary; we have thus the conditions of a four-pointic contact. 

55. Substituting this value of II, we sec that D 3 U—--jrjDH.D a U divides by DU, viz. 
there exists an identical equation, 

IHJ-jjDH.I>’U==TU+J.I>U; 

and hence if U=0, 

DU (D’U—gDIL D‘ u ) =J, 

where J is a quadric function of (X, Y, Z). I do not know the general form of this 
function, but Mr. Salmon has obtained a result which may be generalized as follows, 
viz. writing for X, Y, Z the values B*—0^, Cx—* Ap, Ap—Bx (where, as before, A, B, C 
are the first dorived functions of U and X, p, v are arbitrary), the expression for J is 

J=w( D,u -> H - Da u)=; 

a formula which will be presently useful. 

56. The foregoing equation may be written 

(I)*U) m - s (-nD a U+JD 5 U) 

4-(DHJ)*- 4 DU{(ro~ 2)IPD i U-4(i»- S)riD # U-JD 4 U} +&c.(DU)».. .=0; 
and the term — nD fl U+$D*U is equal to 

$/D a U-gDH.D ! u) - ADU. D’U=$ JDU - ADU .D*U. 


Su bstituting this value the equation divides by DU, and throwing out this factor it 
becomes 

(D a U)- s (fJ~AD 3 U) . ' ' 

+(D J U)”- < {(w-2)rrD*U-Km~ S)nD»U-|D‘U} +&c.DU=0; 
or observing that $ nD 3 U=IFD'U + term containing DU, this may be written 
(D»U)’- , (lJ-AD*U)+(D , U)"-‘(irD , U-iD‘U)+&c.DU=0. 

57. If the equation divides by DU we shall have a five-poitttic contact; the condition 


for this is that 

- A(D’U) , +iJD a U4-n , D i U—|D*U 
may diyide by DU, or more simply that 

,. -A(mi)*+|jp , u+^(gDH) > mr—iiwj 

( » . j 1 * r 

may divide by DU, or, what is the same tiling, tihe fanction question must vanish in 
virtue of the substitut&tt^'thef»to^S^ in' the place of X, Y, Z. 

, vSe'2'" • , 
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The expression for J has just been given; we have besides 

^DH) S = (,B H, l - )4 Cg, mi=-QX 

where the values of Q*, Q* are given {ante. No. 27); we have thus 

58. (d’U—J jDII.D*u) = 3 - ( ~T ) <1 >-^,tD»« 

4( m—2 ) a , T>J _i (w—2) 2 Dh t 1 J -vircyi 
= - » (SZ Ip It J *» (m-Ip rr* TO ? 


* 


and 


whence 


-irw 


c,«f 2(m—2)()»—!3)/f,rT i .i n% l _L_ oyl 

= 3 {-(m-l)* p,l +'' (».-l) ,Da » f' 


A ^ I1,y = 

+s , [- ?fe ‘^^H+|,g=^Da-i } 

S5 9(m-l) 4 H^^ f ~ ®OH), 


} 

.} 


and consequently 

A=5p(4Y-SaH), 

which agrees with the result before obtained, and thus the present method gives the 
complete solution of the problem, 
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XX. Tiie Bakerian Lecture. — Researches on (h'gano^inetallic Bodies. —Fourth Memoir. 
By E. Frankland, Ph.I )., F.R.S., Lecturer on Chemistry at St Bartholomew's Hospital 

Keceived February 17,—Bead March 3,1869. 


In a former memoir I described the production, of a scries of organic compounds 
contain ing the metal tin in combination with the radicals methyl, ethyl, and amyl, 
'these bodies were formed by the action of light or heat upon the iodides of methyl, 
ethyl, and amyl, respectively placed in contact with strips of tinfoil. My attention wsis 
at that time especially directed to the compound formed by the union of tin with ethyl, 
and to which the name of stancthyl was givon. The iodide of stanethyl (Su C 4 H 5 1) was 
prepared by exposing iodide of ethyl to light or heat in the presence of tinfoil; and by 
acting with zinc upon an aqueous solution of this iodide of stanethyl or of the chloride 
of the same body, stanethyl itself (CjH 0 Sn) was obtained. 

In accordance with a theory of the constitution of all organo-metallic bodies which 1 
then proposed, the above tin compounds were respectively represented as the analogues 
of the protiodide and biniodide of tin; thus— 

SnI Sn(C 4 n^ 

S ta n nous iodide. Stannous otliido. 




Stannic iodide. Stannic ethiodide. 

It is evident that the application of this view to the above bodies would receive 
additional support if the second equivalent of iodine in the stannic iodide could be 
replaced by ethyl, or some other analogous organic group. In the memoir already 
alluded to,’ I mentioned that in studying the behaviour of stanethyl under the influence 
of heat, evidence was obtained of the existence of this very compound— stannic ethide , 
or Unethide of im, as I then named it. This body obviously bears the some relation to 
stannic iodide, as stanethyl bears to stannous iodide, 

[C 4 H, 

lB* 



Sn 


Stannic iodide. 


y 

Stannic ethide. 


Although, there could he little doubt of the formation of stannic ethide by heating 
stanethyl to ISO 6 C., yet I oouldnot succeed in obtaining;the former body in a state of 
purity from this source. ' It , occurred to^ pm* however, that .stannic ethiodide would 

r . ■> Vj_.hi. 
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probably be easily converted into stannic etbide by bringing it into contact with zinc- 
ethyl; and a preliminary experiment completely realized this expectation, Ihe results 
of this reaction, together with its extension to other analogous organo-metallic bodies, 
are described in the following pages. 


I, Action of Zmcethjl upon Iodide of StmidhyL 

About two ounces of crystals of iodide of stanotliyl were gradually added to a strong 
solution of zinccthyl in ether. The crystals rapidly dissolved, with a moderate evolution 
of heat, and the liquid finally assumed a syrupy consistence. Care was taken to pre¬ 
serve an excess of zincetliyl, by stopping the addition of the iodide before the liquid 
ceased to effervesce with water. The syrupy liquid was now submitted to distillation. 
It began to boil at 70° C.; but the thermometer rapidly rose to 180°, between which 
temperature and 200° C. the greater part of the product passed over, solid iodide of zinc 
containing a little zinccthyl being left in the retort. The distillate on being washed 
with wator cffcrvosced strongly, depositing oxide of zinc, which was dissolved on the 
addition of a little acetic acid. The dense ethereal liquid was now separated from the 
supernatant aqueous stratum, and placed over chloride of calcium for forty-eight hours. 
On being distilled, the thermometer soon became stationary at 18PC., and the distil¬ 
late passing at this temperature was collected apart. 

Submitted to analysis it yielded the following results:— 

I. *2186 grm., burnt with oxide of copper and free oxygen, yielded *8296 grin. 

carbonic add and *1708 grm. water. 

II. *2888 grm, gave *3618 grm. carbonic add and *1846 grm. water. 

til. *0902 grm., placed in a stream of oxygen, and the vapour thus mixed with excess 
of oxygen passed through an ignited tube, gave *0618 grm. binoxide of tin. 

These results correspond closely with the formula of stannic etliide— 


Sj 


as is seen from the following comparison: 


Oalcdated. 


jc.n, 
\o t ri„ 

Found. 


I. 

11. III. 

Mean, 

41*09 

40*92 * - 

41*01 

8*64 

8*81 - — 

8*48 


_ 60*28 

60*28 

T 

\ 1 


99*77 


' C t . V 48 .41*09 

' ' > V lO, / . 8*66 

8nV\ \ 6Q*86 \ 

" ilesa • > 100-00; 

f -I •' _ 

'jlio following equation therefore expressed the action of zinccthyl upon iodide of 

•' stanethyl:— , - - 

•- - Sn(0 ( H.)II fSn(C 4 H,) a , 

Mm ■ ■ ' ■ 

^riduathide of tin, is a limpid colourless liquid even afc —ljP Q*, 
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possessing a very faint ethereal odour, resembling that of the oxide of stanethyl, and a 
slight metallic, though not unpleasant taste. Its specific gravity is 1187 at 23° C. A 
determination of the specific gravity of its vapour by Gay-Lussac’s method gave the 
following results:— 

Weight of stannic ethide .... *1127 grm. 

Observed volume of vapour ... 26*0 cub. cent. 

Temperature of oil-bath .... 193 0, 3 C. 

Height of barometer. 702*0 mm. 

Height of inner column of mercury 217*2 mm. 

Height of column of oil . . . . 276*0 mm, 

From these numbers the specific gravity of the vapour was calculated to be 8*021. The 
vapour of stannic ethide thus consists of one volume of tin vapour and four volumes of 
ethyl, the five volumes being condensed to two. 

1 vol. Tin vapour .... 4*05367 

4vols. Ethyl. 4*00780 

2 vols. Stannic ethide vapour=8*06147 

Found . . 8*021 


Stannic cthido boils at 181° O., and distils unchanged, thus differing from stannous 
ethyl, which decomposes at 160° C., chiefly into metallic tin and stannic ethide,—-a 
reaction calling to mind the behaviour of stannous oxide when boiled, with a caustic, 
alkali. Stannic ethide is highly inflammable, burning with a lurid flame fringed with 
deep blue, and evolving white fumes of stannic oxide. In oxygen it bums much more 
brilliantly, with a red light fringed with blue. 

It was important to ascertain the deportment of stannic ethide with negative dements, 
since, if it were found to be capable of direct combination, its analogy to inorganic stan¬ 
nic compounds would be to a great extent disproved. Like ancethyl, however, stannic 
ethide is incapable of combining with any other element without the expulsion of at 
least an equivalent amount of the ethyl it contains. 

Treated with iodine, the latter dissolves with a deep red colour, which gradually dis¬ 
appears ; and if the addition of iodine be continued until decoloration bo no longer 
effected, the resulting liquid, on being submitted to distillation, is found to consist, 
of iodide of ethyl, which distils over, and an iodine salt, possessing the insupport- 
ably pungent odour of one of the products of the action of tin upon iodide of ethyl 
at 160° C., and described by MM. Cahours and Riohb as iodide of distannoua ethyl, 
(Sn,(C 4 H 5 }J). , The iodine salt appears, in fact, to he either identical with this body, or 
to consist tif stannic iofotriethide, (Sna(C 4 H,),I)*. ■ 

* Whilst engaged with these experiments, Mr.BuoicfiOjr announced the formation of stannic ethide 
(Proceedings of tWBoyAl jSociety, yol ii. p, 815), and at the same time mentioned his intention to study 
the salts formed by the Action of iodine, bromine, <&o. upon that body y X£ave therefore not prosecuted the 
inquiry further in this direction:, -rl 


k * J \ 

V J C’"y 
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iStaniiic ethidc does not decompose water, and is not acted upon by strong aqueous 
hydrochloric acid in the cold. When, however, the two liquids are mixed out mer¬ 
cury aI1 d exposed to a heat‘of 80° or 00° C., bubbles of gas are slowly evolved; but it 
requires from twelve to eighteen hours to complete the reaction. Treated in this way, 
•2268 gnn. stannic ctlride yielded 75 cub. cent, of gafl at 8° C. and 209*8 nun. mercurial 
pressure, equivalent to 20*11 cub. cent, at 0° C. and 760 mm. pressure. 

The gas, freed from hydrochloric acid and submitted to analysis, yielded the* following 

results:— 


I. 

PirHmire. 

Tempmtim 1 . 

Gas used. 

249*6 mm. 

KMC'. 

After action of 80 a , HO .... 

249-0 

13 8 -1 

After action of S0 3 . 

248-4 

13°*1 

It. 



Oxygen used for combustion . . 

482*8 

12°-0 

After admission of combustible gas 

360-4 

12 6 -0 

Ate explosion. 

376-6 

ia°-o 

Ate absorption of carbonic acid . 

302-3 

12 D -0 

Ill, 



Oxygon used for combustion . . 

822>1 

10°-7 

Ate admission of combustible gos 

86f-0 

10°-7 

i - 1 

Ate e&cplosion,. 

270-0 

10°-7 

After absorption of carbonic acid , 

■ 197-0 

10°-7 


< " No. I. shows the gas to be free from ether vapour, cliloride of ethyl, and ethylene. 

Nos. II. and III. prove it to possess the composition and specific gravity of hydride 
of ethyl, one volume of which requires for its combustion 8*5 volumes of oxygen, and 
generates two volumes of carbonic add: 


Vol . of combuBtiblo gas . 

Vol . of O emusuniod , 

Vol . of CO , giiuoratotl , 

87-1 : 

180*0 

78-3 

1 : 

8*50 

1-98 

f , 84-9 : 

126*1 

78-0 

4 H* 

r 1. : 

8*68 

; 2-00 . 

P 1 


^ i 1 i 

Thia result, t&keniii cormexion\mth th volume of hydride of ethyl disengaged from 
a known weight of stannic etMdei indicates the .following to be the reaction between that 
body,and hydrochloric acid:, " - ■' ■ „ 

k " 2Sn(b 4 H ff u jo 4 h;h~ ^ 

HO - J'"lSn # (q l H^a 

ibh requires the expulsion of 12*8$ per cent of ethyl in the fbrm of 4 hydride 
above experiment *2268 gnh. of stannic ethide gave d)271gnxt 
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hydride of othyl, equivalent to -0262 grm. of ethyl, or 11*55 per cent. The analysis of 
the salt formed is still required to corroborate this result 


II. Action of Zincmethyl upon. Iodide of Stanethyl 


The successful substitution of the second equivalent of iodine in stannic iodide by 
ethyl, led me to hope that it might in like manner be replaced by methyl, amyl, or any 
other homologous radical, thus forming a stannic compound containing two radicals of 
different composition. To establish this point, I submitted iodide of stanethyl to the 
action of zincmethyl. About three ounces of the crystallized iodide were gradually 
added to a solution of zincmethyl in ether, care being taken to preserve an excess of 
zincmethyl; considerable heat was evolved, and the vessel in which the reaction was 
perfoimed required to be plunged into cold water. On distilling the product, it began 
•to boil at 40° C.; and the whole of tho volatile portion passed over below 140°, leaving 
iodide of zinc in the retort The distillate, on being treated with dilute acetic acid, 
effervesced strongly, owing to the presence of zincmethyl; at the same time a dense 
layer of an et h ereal liquid separated. This latter, after being washed with six or eight 
times its bulk of water, was dried over chloride of calcium. On rectification some ether 
came over at 05°; but the thermometer soon rose to 143°, between which temperature 
and 148° C. a large portion distilled. The last drops came over at 160° O. The section 
which distilled between 143° and 148° was taken for the following experiments:— 

1. *2985 grm,, burnt with oxide of copper and fret! oxygen, gave *3828 gi*m. carbonic 

acid and *2097 grm. water, 

XI, *2888 grm. gave *3733 grm. carbonic acid and *2120 grm. water. 

HI. *0078 grm., decomposed in a sealed tube with nitric acid, gave *0495 grm. bin- 

oxide of tin.' 

These results indicate the formula 












r* TT 

W4 







L 

II. 

in. 

Mean. 

C 6 . • • 

80 

35*01 

34*92 

35*20 

— 

85-09 

H e • • 

8 

7*78 

7*81 

8*15 

— 

7-08 

Sn. . . 

58*82 

57*21 

— 


57-88 

57-88 


102-82 

100-00 




100-46 


The action of zinemethyl upon iodide of stanethyl may therefore be thus expressed 


$n 
Zn(C. 


rv'LKs 

(C,H.)J [Znl _ . 


r 

Thfi new body thus formed, $j&d for which I propose the name stomnno fftJiylfivwthidti, 
h a colourless, limpid li^d-TOdisl^idiable ia^ppeaianoe from stannic ethide. It 
MDOOCLIX. ' ' V'‘ ; 
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possesses, like the latter, a very faint ethereal odour and a slightly metallic taste. Its 
specific gravity is 1-2319 at 19° C. It does not solidify at -13° C. Stannic othylo- 
methide boils between 144° C. and 146° C. A determination of its vapour-density gave 
the following resuls:— 


Weight of stannic ethylomethidc . ■ • • 

Observed, volume of vapour. 

Temperature of oil-bath. 

Height of barometer. 

Height of inner column of mercury . . . 

Height of column of oil. 


*1007 grm. 
44*2 cub. cent. 

190°*0 a 

754*4 mm. 
113*0 mm. 
276*0 mm. 


From these data the specific gravity of the vapour was calculated to be 6*838. Stannic 
ethylomethidc vapour therefore consists of one volume of tin vapour, two volumes of 
ethyl, and two volumes of methyl, the five volumes condonsed to two 


1 vol. Tin vapour. 

2 vols. Ethyl. 

2 vols. Methyl. 

2 vols. Stannic othylomothido vapour . . . . 

Found . . . . 


4-06307 

2-00390 

1-03662 

7-09409 

6-838 


V 1 


Stannic ethylomethide is easily inflammable, exhibiting the same phenomena on com¬ 
bustion in air and oxygen as stannio ethide. It manifests also the same deportment as 
the latter with chlorine, iodine, and bromine. ItB combination with these elements is 
always attended with the expulsion of methyL Stannic othylomethide dissolves iodine, 
ag gtuniiig a magnificent crimson colour, which disappears with extreme slowness unless 
heat be applied to the liquid; when, however, action has in this way once been set up, 
it goes on with considerable rapidity, even in the cold. About two ounces of stoic 
ethylomethide were treated with iodine until the liquid no longer became decolorized. 
The excess of iodine was then removed by agitation with mercury, and the product sub¬ 
mitted to distillation. It began to boil at a low tcmperatui*e; and the distillate had the* 
odour, specific gravity, and all the properties of iodide of methyl. The boiling-point of 
the reridu4 liquid now rapidly rose to 207° C., whilst very little of it passed over. The 
distillation was then interrupted, and the straw-coloured liquid remaining in the retort 
was submitted to analysis, - / It yi^d&d the following results 

I. *4910 grm.,‘burnt with oxide'of copper,,ft inches of metallic copper being placed 
in front of the combustion tube* gave #8ft8 grim carbonic acid and T493 grm. water. 

, XL *6620 grm. gave *8278 grm. caxbonio add and’1761 grm. water, 
lH. 1 -*5487 grm. gave *8208 grm. carbonic add.and :1696 grm. water. 

Recomposed with alcoholic ;potaBh,;the solution tiiem acidified with 
4jtM ^with nitrate of silver, gave '5146 grm. iodide of silver. ' 


* . / - y. S- “ ■tiC' 1 V* If, 

' * J 
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V. *6217 grin., heated with strong nitric acid, the solution evaporated to dryness and 
ignited, gave '2691 grm, binoxide of tin. 

These n umb ers closely correspond with those calculated from the formula of iodide of 
distanethyl— 

rC,H, 

SiJ C 4 H„ 

I I, 

as is obvious from the following comparison:— 


Calculated. 
-A- 


C, 

H l0 
Sn* 
I 


• * * 


« i « 


48 

10 

117-64 

126-84 


15-87 

8-31 

38-89 

41-93 


Found. 


I. 

16-02 

3-37 


II. 

16-88 

3-48 


III. 

15-92 

3*43 


IV. 


V. 


39-03 


42-63 


302-48 100-00 


Mean. 

15-94 

3-42 

39-03 

42*63 

101-02 


The foregoing numbers, taken in connexion with the production of iodide of methyl, 
prove that the action of iodine upon stannic ethylomethide converts two equivalents of 
the latter into one equivalent of iodide of distanethyl, with the separation of two 
equivalents of iodide of methyl;— 

" 20 * H, I 

rc 4 H ft 

SnJCJI, 

[ L 

It might have been expected that a stannic compound of the form 

r r\ tr 
W4 JuLj 

Sn*< 



CjH, 

C,H* 

I 


would have been produced, differing empirically from iodide of distanethyl only by 
containing one additional equivalent of hydrogen; but the formula of the former body 
requires 16*81 per cent of carbon and 3*62 per cent of hydrogen; and although these 
numbers are not altogether incompatible with the results of the above analyses, yet the 
fact of the production of iodide of methyl in the reaction is utterly irreconcileable with 
the formation of such a compound. Iodide of distanethyl has already been examined 
both by M. L&wio and by MM. Cahoubs and Rich® ; but as the descriptions of these 
chemists are so little in harmony with each other, it is impossible to make use of them 
for the identification of the body obtained in the above reaction. - It appears, however, 
to agree in properties with the iodide of distanethyl prepared by liM. Cahoubs and 

High®. - - ** ; ;~ ‘ r * ' v A 

Iodide of dktaiwthyl.prDduoed by/the ftstipn of .kdiae upofl stannic ethylomethide, 
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is a light stmw-coloureci, somewhat oily liquid, which docs not solidify on exposure to 
a cold of — 1S°0., and possesses an extremely pungent and intolerable odour, resembling 
oil of mustard; the inhalation even of a very minute amount oi its vapour being high!) 
irritating to the respiratory organs* Its specific gravity at 15° C. is 2 * 0321 ). At 208 ° C. 
it enters into ebullition, but cannot be distilled without decomposition; the thermometer 
rapidly rises, and at 280 ° C. a copious deposition of iodide of tin bikes place. It would 
be in terestin g to study the action of zincethyl upon this body. 

Stannic ethylomethidc is more readily acted upon by aqueous hydrochloric arid thun 
the corresponding ethyl compound; a copious evolution of gas bikes place*, and a crystal* 
lizable salt is formed. Submitted to analysis, the gas yielded the following results 

I. It did not contain any gases absorbable by anhydrous sulphuric acid. 

II. Treated with an equal volume of alcohol it was partially absorbed: 

ProHBure. 

Gas used.. . * 198*0 mm. 

After absorption by alcohol .... 34-0 

431. The combustion of the gas with oxygon gave the following results :■ 


TemjHiraturt). 

7°'5 C. 
7°*5 


a. 


Oxygen used for combustion . . . 

After admission of combustible gas. 

After explosion.. . 

After absorption of carbonic add » 

b. 

Oxygen used for combustion . . . 

After admission of combustible gas . 

After explosion. 

After absorption of carbonic acid . . 

The two combustions, a and b, which were made with portions of gas collected in two 
different operations, show the gas to be a mixture of the hydrides of ethyl and methyl; 
j^d this Result is confirmed by determination No. II,—hydride of ethyl being soluble in 
wb^hydride of methyl is insoluble. The results of analyses Nos. II, and III. 


Pressure. 

Ttimju'patm*. 

U°*7 C. 

. 391-9 mm. 

. 422-1 

U°*7 

. 840-6 

n°-7 

.. 296-7 

11°*7 

Pressure. 

Tttinpefftturc. 

. . 837-1 mm. 

7°*7 O. 

. . 369-8 

7°*7 

. . 806-6 

7°*7 

. . 266-8 

7°*7 


■r < - r i 

- i 

’i ' „ 

II. 

r 

nx, 

Moan. 

' i * 

> -* . 

* i 1 r 

' ’ . 

' .pMlMMlAn 

-J "" 01 * 1. i 




Hydride of ethyl',. 

,7a.-}4;,. 

8811 

82-86 

81*21 

Hydride of methyl . 

. . 21-86 

; 16-89 , 

17-62 

18-79 

J* |- 

; loo-oo -, 

t. 

100 ; 00 

100-00 

100-00 , 


' * 


AkJ jg 



■'i *■ 1 \ v 

^te ^xperiment it was found that *1641 grm. of stannic ethylomethidc 
acid, 17*81 cub. centimetres of the mixed hydrides at 0° C», 
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and 760 mm. pressure,—an amount which indicates the displacement of exactly one-fourth 
of the positive groups in the stannic etliylomethide, as was the case in the corresponding 
reaction with stannic ethidc. But the composition of the mixed gases does not permit 
of any safe conclusion being drawn as to the exact nature of the reaction. It is obvious, 
however, that it is the ethyl group chiefly which is removed by the hydracid. The 
analysis of the salt formed at the same time would no doubt supply the necessary 
evidence. 


III. Action, of Zincethyl upon Iodide of Mercurt/methyl 


The formation of stannic ethylomethide, in the manner just described, encouraged 
me to attempt a similar reaction in the case of the iodide of mercurymethyl,—a body 
which is formed under precisely the same conditions as iodide of stancthyl, and to 

fC H 

which I assigned the formula Hg| ^ 3 , regarding it as related to biniodide of mercury 
in the same manner as iodide of stanethyl is connected with biniodide of tin. Mr. Buck- 
ton’s announcement of the formation of mercuric cthide (which from my point of view 


fC H \ 

must be regarded as Hgj^,* by an analogous 


reaction, tended also to strengthen 


the hope that a mercuric ethylomethide might be thus obtained. 

When iodide of mercurymethyl is added to pure zincethyl, there is scarcely any action 
perceptible beyond the solution of the mercury compound; nevertheless, after the lapse 
of a few hours, a copious deposit of iodide of zinc takes place. The product obtained 
in this manner from two ounces of the iodide of mercurymethyl was submitted to distil¬ 


lation ; it began to boil at 98° C.; the thermometer remained stationary for some time at 
120° 0., and then suddenly rose to 168° C., at which temperature nearly the whole of 
the remaining product passed over. The distillate possessed in a high degree the 
powerful and unmistakeable odour of zmcmethyl. It was washed with water and dilute 
hydroohloric acid, dried over chloride of calcium, and rectified in an oil-bath. It began 
to boil at 149° C., but the thermometer rose almost immediately to 166°, between which 
point and 157° C. nearly the whole of the remaining liquid passed over. The last 
drops distilled at 166° C. The portion distilling between 166° and 167° 0. was received 
apart and used in the following determinations;-— 


I. *4690 grm., burnt with oxide of copper and free oxygen, the mercury being collected 
in a drawn-out portion of the combustion-tube projecting from the furnace, gave '8044 
grm. carbonic acid, \L980grm. water, and *3669 grm. mercury. 

It. ’4979 gnu. gave ’8887 grm. carbonic add and *2101 grm. water, . 1 
IH. *6338 grm, gave *4918 grm. mercury. - . , / 


These, results correspond with the formula ofmepmric ethide,- 

* 'I. 3 , , V * r 

i „*■ \ ^ '-Jr, * s* ij * t ' £ i , , 
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Culuul&tod. 1 ouiul. 



r.. 

«/-> 

1. 

ii. 

111. 

"1 

Moan. 

Co . 

. . 48 

18-60 

18-59 

18-28 

— 

18-44 

ii.. • 

. , 10 

8-88 

4-20 

4-21 

-— 

4-20 

10 

Hg . 

. . 200 

77-52 

77-76 


77-59 

77-07 


268 

ioo bo 

100-54 



100-31 


The body perfectly agrees m all its properties with the mercuric ethyl obtained by 
Mr. Buckton ; and to tho remarks of tliat accurate observer respecting this compound 


I have not one word to add. 

The entire absence of mercuric methide and the presence of zincmethyl amongst the 
products of the action ofzincethyl upon iodido of mercurymethyl, point to tho following 


equation as representing the reaction:— 

Hg(C 4 H fl ) 8 

Zn(C a H a ) 
Znl. 


IIg(C 9 H fl )Il 
2Zn(C 4 II B ) r 


This result indicates a mobility in the organic groups contained in those compounds 
which could scarcely have been expected* 


IV. ApHon of Zinormthyl upon Chloride of Mercuryethyl 

Although the above reaction failed to produce mercuric ethylomethids, it was still 
possible that this body might be formed by acting upon a mercuryethyl compound with 
zmcmethyl. For this purpose the iodide of mercuryethyl naturally suggested itself; but 
as I found this body difficult to prepare in large quantity by the action of diffused light 
upon iodide of ethyl in presence of mercury, I selected the chloride of mercuryethyl, 
which was prepared by the following modification of the process suggested by 


Mr. Bugktoh, 

To an ethereal solution of zincethyl, dried and powdered bichloride of mercury was 
added until the zincethyl was as nearly as possible all decomposed, The liquid had 
then separated into two layers,—an upper one nearly solid, consisting of a saturated 
, solution of chloride of zinc in other, and a lower and more voluminous one, composed 
off nearly pure and.limpid mercuric othide. The latter, which can easily be separated 
foom the tenacious solution of chloride of zinc, was washed with dilute acetic acid to 
remove a trace bf :!zincethyl >vhich it contained, and then dissolved in fifteen or twenty 
times its bulk of alcohol. . This alcoholic solution was now poured upon a quantity of 
powdered bichloride of mercury, rather less than suffident to convert the mercuric ethyl 


into chloride of mercurous ethyl, and; the whole being heated to the boiHng-pomt, the 
liquor was filtered whilst hot; on cdoliilg, it depoaited a copious crop of magnificent 
safiay crystals of chloride of murcurous ethyl, perfectlyfoee from trichloride of mercury; 
and J ihe ;mo^errliquor being repeatedly returned to the flask containing the uadjs^ived 
l^&£^^'^^|usicthyh the whole of the latter was Anally obtained in a pure and 
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crystalline form. In this way the zincethyl from a single digester-charge produced 
upwards of eight ounces of the chloride. 

About five ounces of chloride of mercurous ethyl, dried in vacuo over sulphuric acid, 
were added to four ounces of a strong ethereal solution of zincmethyl. Considerable 
heat was evolved; and after forty-eight hours the product was distilled. It began to 
boil at 60° C. The thermometer was stationary for some time at 128°, and finally rose 
to 140° C., when a mixture of zincethyl and zincmethyl distilled over, whilst a perma¬ 
nent gas was at the same time evolved. The distillate was washed with weak acetic 
acid and dried over chloride of calcium. On rectification, a considerable proportion 
distilled between 127° and 137° C., and was collected apart. The last few drops came 
over at 156° C. Repeated rectifications of the product, boiling between 127° and 137° G,, 
did not serve to isolate any portion of the distillate having a fixed boiling-point ,* on the 
contrary, it was evident that the range of the temperature of distillation became wider 
each time the operation was repeated. A section boiling between 127° and 183 C. 
yielded, on analysis, 13*68 per cent, of carbon, whilst another section, boiling between 

J rO H 

141° and 143° C., gave 16*71 per cent, of carbon. The formula Hg|^ ^ requires 14*76 

per cent, of carbon. According to Mr. Buokton, mercuric methide boils at 96° C., and 
mercuric ethide at 169° C.; consequently mercuric ethylomethide might be expected to 
boil at about 128° C. It is more than probable that mercuric ethylomethide was formed 
in the above reaction; but subsequent distillations gradually transformed it, more or 
less perfectly, into a mixture of mercuric othide aud mercuric methide. 



V, Action of Zinc wpon a Mixture of the Iodides of Mhyl and Methyl 
In a former memoir* I pointed out that the vapour-volume of zincethyl allows that 

compound to be represented by the formula This formula would be more 

firmly established if we could succeed in combining zinc with two radicals of different 
composition; the iodides of methyl and ethyl, mixed with an equal volume of anhyr 
drous ether, were therefore submitted to the action of zinc at 100° 0. in a copper digester, 

{ C H 

8 s . In eighteen hours, the decomposition of 


the iodides bang complete, the product was distilled from the digester at a temperature 
not exceeding 160°. Ip order to prevent as far as possible the formation pf any zincethyl, 
which would be more difficult than zincmethyl to separateirom the intermediate body, 
if the latter were produced/iodide of ffiefhyl in. slightexeess over - the equivalent quan- 


•* T l 
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tity, was employed. On rectification the product began to boil at 3H°> ether and zinc- 
methyl distilling over; the thennomoter then gradually and uniformly rose to 120° ( *., at 
which temperature the remainder of the product, which was considerable, and consisted 
of pure zinccthyl, distilled over. No evidence whatever was obtained of the existence 
of an intermediate compound containing both ethyl and methyl. 

VI. ZincmdhyL 

The experiments detailed in the foregoing pages requiring the use of considerable 
quantities of zincmethyl, my attention was directed to the preparation of this body in 
much larger quantities than could be obtained by the operations in sealed glass tube*, 
described in my previous papers on this compound. 1 found that the preparation of a 
strong ethereal solution of zincmethyl succeeded most satisfactorily in the copper 
digester* used for the production of large quantities of the corresponding ethyl com¬ 
pound; in fact, the decomposition by zinc of un ethereal solution of iodide of methyl is 
much more quickly and perfectly effected than that of a similar solution of iodide of 
ethyl. Heated to 100° in the copper digester, three ounces by measure of iodide of 
methyl mixed with two ounces of anhydrous ether were perfectly decomposed in six 
hours. On opening the digester, a very small quantity only of gas escaped,—the whole 
of the iodide having been transformed into zincmethyl. On heating the apparatus in 
an oil-bath, the distillation began at 90°, and was complete before the thermometer 
reached-14(i° C. Compared with an operation for zincethyl with the some amount of 
materials, a very large product was obtained. Boctified, it began to boil at 86°; the 
thermometer gradually rose to 48°, between which point and 51° nearly the whole of 
the remaining and larger portion of the liquid came over. The product obtained 
between the two latter temperatures possessed the intolerable odour of zincmethyl, was 
spontaneously inflammable to the last degree, and, in short, had all the properties of 
zincmethyl; on analysis, however, it was found to contain considerably more carbon 
and hydrogen than is required by the formula C a H* Zn» whilst the last portion of the 
distillate, boiling between 61° and 57°, yielded results on combustion agreeing closely 
with the formula 

•flsw+aa* 


i 


y r t - 


*2S80 gmi. gave *8174 grm. carbonic acid and 1711 grim water. 




'„ 

' - Calculated. 

Found- 

0 ',' * ' 

V| *, * 

i -— 

48 

86 - 8 ? 

' 80-87 

tr 

XX}} * i 

n . •: 

8-88 

7-90 

Xxit . . 

06:04 

49-20 


0 . . 

f 

8 

-* l 

0-06 

1 


182*04 ^ 

- 100-00 



# 
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Philosophical Transactions for 1865, p* 860. 
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A determination of the specific gravity of the vapour of this body gave the following 


results:— 

Weight of substance. *1808 grm. 

Observed volume of vapour . . . 67*0 cub. cent 

Temperature of oil-bath .... 124°*5 C. 

Height of barometer. 756*0 mm. 

Height of inner column of mercury 38*0 mm. 
Height of column of oil . . . • 275*0 mm. 
Specific gravity of vapour. . . . =3*1215 


This number does not correspond with that which ought to have been obtained with a 
compound of the above formula, unless we adopt the exceedingly improbable assumption 
that it contains two volumes of zincmethyl vapour united with one volume of ether 
vapour without condensation. On the other hand, it accords closely with the specific 
gravity of the vapour of a miwtuTC of zincmethyl and ether in the above proportions, as 
seen from the following calculation:— 

Four volumes of zincmethyl vapour. 6*5672 


Two volumes of ether vapour.2*5567 

3)9*1239 

Two volumes of mixed vapour.* • 3*0418 

Found.8*1215 


Without at present offering any decided opinion as to the nature of this body, I may 
state that in repeated operations with large quantities of materials, I have entirely failed 
in obtaining pure zincmethyl by acting with zinc upon a mixture of ether and iodide of 
methyl. 

Repeated attempts to produce pure zincmethyl from zinc and iodide of methyl alone 
in the copper digester were also unsuccessful, although this method generally succeeds 
in small glass tubes. Iodide of methyl is not attacked by zinc at 100° 0., even after long 
digestion; an admixture of 3 or 4 per cent, of ether is, however, quite sufficient to deter¬ 
mine the action at this,temperature; but with so small a proportion of ether the whole 
of the iodide is never decomposed, and it is impossible to effectually separate either this 
or the ether from the zincmethyl produced. When the digester containing zinc and 
pure iodide pf methyl is heated to any temperature from 120° to 200° C., the iodide is 
decomposed; but at the lower temperatures the decomposition is never complete, whilst 
at the higher ones little or no zincmethyl is produced, the methyl being resolved into 
gases. This anomaly in the results obtained from the same materials heatedin a copper 
digester and in glass tubes, is doubtless due to thedifference in the conditions obtaining 
in the two cases. In a glass tube half-immersed in a heated oil-bath, a distillation of 
the internal liquid is constantly going ok, the vapour formed in the lower portion of 
the tube being condensed in the upper part exposed to/the cooling influence of the air, 

mdocolix. ' . J f $ i v " 
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and flowing over an extensive surface of zinc in its descent. But in a digester of thick 
copper, the different parts of the vessel are, owing to the high conductivity of the metal, 
maintained at so uniform a temperature as to prevent any such distillation and circu¬ 
lation of the liquid from taking place. 

Regarding the body described above as a mere mixture of zinemothyl ami ether, 
incapable of being separated on account of the close proximity of their boiling-points, l 
anticipated a more successful result by mixing the iodide of methyl with mcthylie ether 
instead of vinic ether. As mcthylie ether boils, according to Bkhturlot, at —2L°C., it 
was thought that no such difficulty of separation could arise; the bodies employed would 
then, in fact, be exactly homologous with those so successfully used in the preparation of 
pure zincethyl on the large scale. It was found that iodide of methyl, mixed with oxide 
of methyl, was readily attacked by zinc, even at the temperature of the water-bath; the 
following experiment was therefore made. 

About three ounces by measure of iodide of methyl were placed in the copper digester 
with the usual quantity of zinc; oxide of methyl, well dried bypassing over chloride of 
calcium, was forced into the digester by a compression pump* until it was thought that 
the volume of liquified other would be about equal to that of the iodide employed. The 
digester was then heated in a water-bath for three days. The product obtained on 
distillation was very rich in zincmethyl; it contained, however, traces of undoeomposod 
iodide of methyl; but this was easily got rid of by the addition of a few grains of sodium, 
which, for ming sodiummethyl, reacted upon the iodide of methyl in tho manner I have 
already pointed outf. 

On rectification, the greater portion of the liquid thus obtained distilled at 43°, a 
residuum only coming over between 43° and 48°. Both these portions yielded on 
analysis the same results, viz. 29*59—29*64 per cent, of carbon, and 7*11—7*10 per cent, 
of hydrogen. These numbers do not agree with those required for zincmcthyl (viz. 
25*25 carton and 6*81 hydrogen); they approach, however, to those which would be 
yielded by two equivalents of ssincmethyl and one equivalent of oxide of methyl, 


2 (SS Zn, ) + SS}°" 


which require 30*49 per cent of carbon and 7*62 per cent of hydrogen. This result is 
Prefers exactly homologous with that obtained by the admixture of vinic ether with 
the icjdMeof methyl 

In cohdurioh, after an expenditure ofmahy pounds of iodide of methyl, I have been 
unable to obtain even (he smallest quantity of pure zincmethyl by the use of a copper 
digester, On the other hand* m ethereal solution, a much larger product is obtained 
than in the corresponding preparation of zkcethyl, owing, no doubt, to the lower tempo- 

Gratae at which the crystalline compound of zincmethyl and iodide of zinc is broken up. 

1 1 # r . i 

1 1 * W*?. V' ~f» * BhiloflopbBal Tnwisftotionp, vol oxfoft p. 81. 

s/V -i 'JV4 .. f Proceedings of the Royal Society, vol. ix. p. 845. ' ' 
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I have, in fact, ascertained that a considerable amount of the total product of zincethyl, 
ob taine d in an operation in the copper digester, is decomposed during the subsequent 
distillation,—one of the products of decomposition being metallic zinc in a finely divided 
state, which is always found in large quantity interspersed throughout the iodide of zinc 
left in the dig ester. The temperature required to expel the ethereal solution of zinc- 
methyl from the digester is less than 140° C., whilst zincethyl cannot be wholly expelled 
below 190°, or even 200° 0. 
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XXI. On the Isolation of the Organo-Metals , Mercuric , Stannic , Plumbic Ethyls; 

and Ohs&rvaUons on some of thMr Derivatives .—Second Memoir. 

By George Bowdler Buckton, Esq., F.R.S ., F.L.S ., jP.C.6'. 

Received March 3,—Read March 10,1850. 

Several years have elapsed since Bunsen brought before the notice of ckemistH the 
interesting substance known as kakodyl. His elaborate memoir indicated, for the first 
time, the exis tence of a class of bodies now recognized as the organo-metals, the members 
of which, through the labours of Brankland, Ii5wig, WdiiLER and others, have proved to 
be very numerous. 

The series indeed ranges over a wide field, and on the one hand comprises organo- 
combinations with electro-negative metals, such as arsenic and antimony, and on the 
other hand embraces elements nearly allied to the noble metals, such as mercury and 
lead* 

Mr. Wanklyn’s recent discovery of sodiumothyl shows also that the members of this 
class extend to the extreme limits of the electro-positive metals. 

In a paper which the ltoyal Society has honoured me by publishing*, 1 described some 
preliminary experiments, undertaken with reference to testing the analogies of some of 
the organo-metals con taining mercury, lead, and tin. At the same time more than one 
method was shown by which their isolation could be effected. In the present memoir 
I have endeavoured to fill up the sketch then offered, and have added some considerations, 
supported by experiment, winch it is hoped may prove of value in the interpretation of 
some of the more complex and less known individuals of the group. 

Mercuric Ethyl 

Action of Zincethy l on Iodide of Mercurous Ethyl—Although diffused daylight causes 
the decomposition of iodide of ethyl in presence of mercury, the action is slow, and 
req uir es many days* exposure before any considerable quantity of iodide of mercurous, 
ethyl is formed. On this account attempts were made to obtain the salt by employing 
strong heat in sealed tubes. 

The digestion was first made at a temperature of 130° C., and continued' for four 
hours; but an examinati on proved that little or no change had taken place in the 
materials; -The same tubes were afterwards heated for twelve hours fifoni 160° to 170°, 
at the expiration p£ which time, much iodide of mercury had formed* in fine scarlet 
crystals. On cutting the tubes the internal pressure of gas was considerable, but no 
notable quantity of the required v a ✓ * 

* PMlosojHcial Imsoctions for 1858, p. 188. 
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Erom these experiments light would appear to bo an almost necessary agent in the 
reaction. 

It has been already shown that the nulicul mercuric methyl may be prepared through 
the reducing action of cyanide of potassium, the change being represented by the 

equation Hg> Cj n> I+ k Cy=HgC a H a +KI+1 fg+Cy. 

The cyanogen principally occurs in the form of pararyatiogon. 

If the same process be adopted towards the rnrresj Minding ethyl compound, the 
quantity obtained iiavcry trifling; almost the whole of the ethyl is disiutognitod by the 
high temperature into gaseous products. A far more efficient and generally applicable 
method presented itself, from a consideration of the powerful and well-marked reactions 
of zincethyl on water, and on hydrochloric acid. There seemed to be well-grounded 
reasons for believing that interesting decompositions would result from the contact of 
zincethyl with various iodides and chlorides, of both the organa and true metals. 

The radical mercuric ethyl may bo very conveniently formed by introducing zincethyl 
into a retort, into which a slow stream of coal-gas is driven through the beak. Dry and 
powdered iodide of mercurous ethyl is then added, in small quantities at a time, through 
the neck, and incorporated by stirring. As soon as the zincethyl is saturated, which 
may be known by the stirring rod moistened with it ceasing to fume on exposure to 
the dr, distillation may be commenced, and continued until gases done pass over. 

The product consists of a heavy liquid, mixed generally with a little ether. It is well 
agdn to distil with a slight excess of zincethyl, so as to ensure entire decomposition of 
the iodide. If thiB be neglected, the purification of the radical by rectification will be 
almost impossible. 

The distillate should bo washed with dilute hydrochloric acid, to remove oxide of zinc, 
and afterwards well agitated with water. After the ether has been removed by rectifica¬ 
tion, a liquid remains which possesses a boiling-point between 168° and 160° 0. 

A portion thuB prepared was analysed, and gave the following composition;— 

i L 0*6306 grm., burnt with oxide of copper, gave 0*3630 gnu. carbonic acid and 
0*1780 grm. water. 

' II. 1*0467 grm., burnt with oxide of copper, gave 0*8078 grm. mercury. 

‘ These numbers very closely point to the formula 
- ' : . • HgC,H„ 

1 r v In 1 ^ \ 1 

On comparing experiment with theory* we have in 100 parts— 


• ■. ' > 


s , - .,><<<■ 


, ^ 1 , 

1 / ■■ 

Theory, - 

Experiment, 

\ 

1 equiv. of Mercury. . ^ 

; ioo . 77 4i . 

77-24 

4 equivs. of Carbon , , ■; 

. 24 18-60 

18-66 

6 equivs. of Hydrogen , . 

, 6 8-87 

c 

8-72 

■ p * 1 S 1 % 

J . *- * J (J *** 1 t J 

wj£V\? 

129 ioo-oo 
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faint ethereal odour. Its specific gravity is 2*46. It bums with a smoky flame, more 
luminous than that of mercuric methyl, and disengages at the same time much mercu¬ 
rial vapour. It is very insoluble in water, less so in alcohol, but readily soluble in ether. 

Towards concentrated sulphuric and hydrochloric acids, mercuric ethyl follows the 
deportment of its homologue, mercuric methyl. When the action is assisted by a gentle 
heat, hydride of ethyl is disengaged, and the crystalline sulphate or chloride of mercu¬ 
rous ethyl is produced in colourless plateB. The radical bursts into spontaneous ignition 
when poured into a jar of chlorine gas, and the mercury is principally converted into 
chloride. With bromine and iodine also the action is violent; but if the action be con¬ 
ducted under water, ethyl gas or its products of decomposition are eliminated. 

With a freezing mixture to moderate the reaction, the nascent ethyl gas unites with 
excess of bromine; and by distillation, bromide of ethyl may be obtained. 

These changes may be represented by the equations— 


W « W \ V” - 


Mercuric Sulphate of Hydride of 

ethyl. mercuroufl ethyl. ethyl. 

2 (Hg C 4 H 8 ) +2Br== Hg, C 4 H, Br +fi H, Br 

Mercuric Bromide of Bromide of 

ethyl. mercurous ethyl, ethyl. 

If the vapour of mercuric ethyl be heated to about 226°, it is suddenly decomposed 
with a slight explosion, into mercury and an inflammable gas. This gas has not been 
analysed; but from reasons deduced from the behaviour of sodium towards this radical, 
there seems to be little doubt of its being a mixture of ethylene and hydride of ethyl, 
the results of a splitting up of a double molecule of ethyl. 

From this tendency to decomposition at a.high temperature, considerable difficulty 
was experienced in ob taining accurate numbers for the vapour-density of mercuric ethyl. 
In one experiment the apparatus was shattered by employing heat to fill the glass balloon 
with liquid, the mixture with air causing a loud detonation.. This difficulty was easily 
overcome by inverting and dipping the mouth of the balloon in liquid, partially exhaust¬ 
ing the air, and then causing the liquid to rise by atmoepherio pressure. It is also 
necessary to draw the neck of the balloon very fine; otherwise the heat during sealing 
will infallibly cause a decomposition throughout the whole of the vapour. 

G rammes . Pressure. Temperature. 


Weight of globe filled with vapour . 
Weight of globe filled with air . . 

P 

' Capacity of the globe - 


16*0895 767*60 mm. 1 

16*3530 766*48 mm. 

s 0*7365 

118*76 cubic centimetres. 


194° <?. 
14° a 


Volume of mercury entering the globes: 117*26 cubic centimetres, 

■ . I'&Q . . 1 t 

, ^»weight of one cubic centimetre of air at 14° 0.~=0*001230. 
flyweight of om^onbic centimetre .bfafr at 1B4 0 0.^0*000756, 


* ■? 
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By placing these numerical values in MIU.um'r formula we have 

(Specific gravity! J^+Yw^ o*H8256 
of the vnpouvj fV— v)nr 0*6h85i i 

Oil dividing the equivalent weight, represented by the formula Hg<h by the expo- 

rimcntal density, we obtain the number |g=m4, which points sufficiently near to a 

condensation to two volumes. From the equivalent weight divided by (be more aeeu- 

129 

rate number 14*4G, wc find the theoretical density of* mercurie ethyl to be 14 /,$== 84)2. 

The vapour-volume, therefore, coincides with that of zincethyl; and accordingly, to 
bring it into correspondence with four volumes, the formula should be doubled. If we 
Consider the great difference in the two boiling-points of mercuric methyl, which equals 
96°, and mercuric ethyl, which equals 160°, it appears more probable that the increment 
of 64° represents a greater difference in composition than it* represented by one term, 

0 9 H*. 

Experiment perhaps has not yet satisfied this interesting question of the doubled fm- 
mulo. It was anticipated that a proof of its correctness would be shown by the reaction 
of zincethyl on iodide of mercurous methyl. The two bodies unite readily, and a rise 
in temperature indicates chemical action; but distillation of the product yields a liquid 
possessing no fixed boiling-point, the thermometer ranging between 60° and 100 ° O. 

By fractional distillation a partial separation was effected into the two radicals, mer¬ 
curic methyl and mercuric ethyl. 

. The anticipated and true decompositions were respectively,— 

! S? h, } + Sc5}= 2 {SS3 +!Z “ l 

2 ®? h, }+£o: 3= 2h ' c - h ' +8ui!C ‘ "•+“ 

Notwithstanding the failure of proof in this experiment, the existence of a radical 
compounded of two molecules of mercury, one of methyl, and one of ethyl, cannot bo 
considered as definitively settled in a negative. 

! ‘ \ ■ , ' M 

* > 

3 JT ^ ^ 

^ „ 1 „ , Action of Sodium on Mercuric Ethyl* 

The electro-negative character of the group C n8 H^+w in, the class of organo-mctals 
to which ssihcethyi belonigs^ may now perhaps be considered as established; yet there 
would appear to be some importance in knowing the deportment of sodium towards ethyl, 
; when combined witha metal like mercury. Mr.WANKLYN has shown how sodium, being 
4 } more electropositive than zinc, displaces 1 that metal from zincethyl. If mercury should 
j t b^;pafitiveto ethyl in a similar organo-metah the sodium in like manner should displace 

' ** ■*_ _ft_^ .1J__ _ _l_*f_1 * 
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with mercuric ethyl into a glass tube. As scarcely any action was observed, the tube 
was sealed without heating the contents. After the lapse of five or six hours, a volumi¬ 
nous grey and spongy-looking mass was formed, which, from circumstances happening, 
was not immediately examined. The tube was left undisturbed in a cupboard for a week, 
at the expiration of which time, it suddenly burst and scattered the contents, which 
spontaneously ignited, and burnt so strongly, that some neighbouring woodwork was set 
on fire. 

In another experiment one part of sodium was placed in a tube with five ports of 

mercuric ethyl. The mouth of the tube was drawn at the blowpipe into a capillary tube, 

the point of which was placed under a jar over mercury. If the temperature be low, 

gas is givon off very slowly, and appears to cease when the grey sponge is formed. If, 

however, a gentle heat be applied, a powerful rush of gas is produced, which again slackens 

on cooling the apparatus. The first portion of gas was allowed to escape, as being 

mixed with a tm ospheric air. It did not fume, but gave a white flame when ignited. 

Bottles were filled with the gas both at the commencement and towards the close of the 

disengagement, when the action became more moderate. On a supposition that the gas 

might contain ethylene, portions were subjected, in a graduated tube, to fuming sulphuric 

acid, introduced by means of a coke ball. The acid fumes were afterwards removed by 

a ball of fused potash. , „ 

Mint sample. Second sample. 

1. XI. III. 

Corrected volume of gas .... 74*14 74*24 78*24 

After absorption by H S0 4 &c, . . 48*63 48*03 10^6 

Volume of ethylene. 26*61 26*01 02*68 

Gas transferred. 

Corrected volume. 46*19 42*28 

4 -Oxygen taken .. 288*71 260*28 

4 .Air taken.411*10 416*80 

After explosion.. • S92*60 808*10 

After absorption by KO .... 206*88 226'98 

ifotal of oxygen taken . . * . . 229*66 260'80 

Total of oxygen burnt. 169*63 148*69 

Carbonic add formed. 86*22 82*12 


One volume of gas therefore coneumedU59£3 3 , 6g ^ 
in first experiment.J 46 ‘ 19 

•^j^ssl‘91 yob.of carbonic acid* 

One volume of gas also consumed ini H8*9 ^ ' 

second experiment,» < * • . J 

and produced U ** ofcarbonic add. 

1 ~ 1 1 j V ' _ 
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These cudiometric results indicate that this gns must bo either methyl or ibs isomer, 
hydride of ethyl, both of which satisfy the conditions of the above experiments. I hey 
may be distinguished, however, by their different behaviour towards chlorine gus. The 
gas under examination, when exposed to diffused daylight, absorbed u large quantity of 
chlorine, and after some hours crystals of seaqui chloride of carbon made their appear an ce, 

thus affording a clear proof of the gas being hydride of ethyl. 

A comparison of the first aud last samples of gas taken for analysis, shows that the 
ratio of the gases ethylene and hydride of ethyl is not constant at all phases of the 

experiment 



First Biunjifo. 

Sl-CIMIll BlimpU- 

Ethylene. 

0-065 

0-064 

0-850 

Hydride of ethyl . . . 

0-045 

0-340 

0-144 

1 volume. 

1 ; 000 

1-000 

H)00 


No doubt these gases are produced by the decomposition of a double molecule oi 
ethyl; yet from the circumstance that little or no gas is disengaged at ordinary tem¬ 
peratures after the spongy matter has been formed, it is probable that the grey body 
is a double compound with sodiumethyl, or at all events contains that body. All 
attempts to discover the retd nature of this grey material have as yet failed. Its com¬ 
ponent parts are evidently in a very unstable condition of equilibrium; for the body U 
liable to explosion, and often without au assignable cause. In one experiment, a loud 
detonation followed the dropping of a few lumps of the substance into alcohol. On 
repeating the experiment, the entiro contents of the tube, containing the grey mutter, 
exploded violently, and, as it were, sympathetically, leaving behind scarcely a vestige of 
the glass. This phenomenon was perhaps caused by the detonation of that port it m of 
the body which touched the alcohol, transmitting the shock through the air to the 
remainder. 

The grey material loses its explosive properties after it has been cautiously, but rather 
strongly heated; yet even then, after it is cold, it becomes incandescent on freely admit¬ 
ting air to its surface. 

From these experiments it is concluded that ethyl, and doubtless methyl, in then* 
i>rgano-metflls is still negative to mercury, and therefore wo should not suppose, with 
Mr. 'Wanxlvn, that mercury, copper, and platinum would displace ethyl from sodium- 
ethyl. The foregoing reactions would* rather tend to show that sodiumethyl is formed 
from sodium and mercuric ethyl, , and iff is Only by heat that that body is broken up, 


and by heat, 


Hg B ,+Hg; 

2Na 0 4 H,+^Hg^Hg,Nft%0 4 H*+A H, H. 


J/V.Th^m^cury^’ not supposed to be active in the last decomposition, or in any way U* 

present, it simply forms an amalgdin tilth the liberated sodium. 

*£.'* ' - - 
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Action of IZinccthyl on Chloride of Mercury, 

Having thus effected the reduction of an organo-mctallic salt through zincethyl, it was 
important to see how far an ordinary iodide or chloride would follow the same deport¬ 
ment. Corrosive sublimate produces much heat when mixed with zincethyl, so much 
so as to render it necessary to cool the retort by water or other means, to prevent waste 
of the zincethyl. 

After breaking up the cake of chloride of zinc which is formed, the radical may he 
obtained in considerable quantity by distillation, and washing the product with dilute 
acid, as before described. Excess of mercuric chloride, however, must be carefully 
avoided, as chloride of mercurous ethyl would be produced according to the equations, 

Zn C 4 01=Hg C 4 H,+Zn Cl ; 

by addition of mercuric chloride, 

Hg C 4 H a +IIg Cl=Hg, C 4 H # Cl. 

Although this process gives cortain and good results, it will not be found so econo¬ 
mical in practice as that previously noticed. Iodide of mercurous ethyl is readily made? 
and by its employment it is very obvious that a less consumption of zincethyl is required. 


Action of Zincethyl on Chlorides of Silver, Copper, mid Platinum. 

Dry powdered chloride of silver strongly reactB on zincethyl, turning quite black and 
liberating much gas. The chloride, however, seems to be incapable of decomposing 
the whole of the zinc radical, even when in excess and heat is applied. The (dear liquid 
was removed by a pipette and treated with water, which extracted simply chloride of 
zinc, and isolated no silver compound. The black matter in the retort contained a 
mixture of chloride and metallic silver. 

In a no th er experiment anhydrous ether was employed instead of water, under tlie 
supposition that a solid silver compound might be present, which was soluble in ether. 
The only reaction, however, seemed to be, 

Zn C 4 H # +Ag Cl=Zn Ct+Ag+C 4 H # . 

ltesults have also been negative with reference to the formation of radicals containing 
copper or platinum. 

Protochloride of copper immediately loses its green colour on mixing with zincethyl, 
a circumstance very probably due to a loss of traces of water. No combination is 
effected; and on exposure to the air, the black powder speedily recovers its green hue. 

Well-dried protochloride of platinum decomposes zincethyl into chloride pf zinc and 
gaseous matter* The metal is reduced in the form of platinum black. 


Stannic Methyl. - f : 

Much: of the uncertainty which attaches to the compounds styled by LOwm, in liis 
laborious researches, «* efhyl-staethyl,” ^ i doubtless due to the 



I 
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method he adopted for forming the iodides of stanethyl and stibothyl, from which suits 

all the bodies described by him appear to have been obtained. 

The plan adopted in the present memoir has proceeded rather in an opposite' direc¬ 
tion,—the wish being, first to construct the pure radical, and then to form horn it 
tho various salts, according to the mode usually adopted in the case of an ordinary 

metal. t 

The iodide of stanothyl employed was prepared by Dr. Frank land's process. Sealed 

tubes containing iodide of ethyl and excess of tinfoil were heated in a strong iron 
digester to 150°—100° C. After about ten hours’ action, the contents of the tubes 
were transferred to a retort and heated to 120°, to remove all traces of uncfceuinposed 

iodide of ethyl. 

Action of Zinoethfl on Iodide of Stanethjl. 

If the above-mentioned iodide, in a melted state, be added to a quantity of zincotbyl 
in a retbrt surrounded by cold water, a solid mass is formed, which is again in great 
part dissolved by agitation and aid of the heat generated. Distillation may be then 
commenced, and carried on until gases alone come over. The dry residue consists only 
of chloride of zinc and a little protiodide of tin, 

It will not bo found economical to saturate the zincethyl at olio operation, on account 
of the caking of the materials, which renders the fracture of tho retort very probable; 
independently of which, tho strong heat then necessary partly decomposes tho radicul 
when formed, Tho distillate last obtained should, however, always contain a slight excess 
of zincethyl; otherwise there is no certainty of removing traces of an iodide, the nature 
of which will be presently noticed, and which imparts a pungent odour to the radical. 
By agitation with dilute acid and water, two strata of liquids me produced, the lower 
of which was functioned with tho thermometer. 

At first a little ether appeared, after which the boiling-point ran up quickly to 170°, 
between which and 180° by far the larger quantity distilled over. The fraction taken 
between 170° and 180° C. was considered pure, and set apart for examination, It was very 
combustible, and gave, whoa ignited, a lurid flame with fine blue edges, and disengaged 
at the B&me time a thick cloud of tin oxide, 

: I. 0*51886 gnn. of substance gave, when burnt, 0*4205 grm, carbonic acid and 
0*2218 grm. water, 

IX, f gm. of substance gave 0*4672 grm. carbonic acid and 0 2466 grra. 
water.' •. " v ■ ; ;.. - i ' 

These numbers correspond to the percentage composition- 

* f 1 

' ■ 5 ; . 5 , 

Carbon, . , . #,»'40*81 

\ 1 ; *, Hydrogen) i I 8*62, 

A \ i ~ 1 >' - ' 

tok<ti&>.to the fbrnwla * '■ ' 

w ' - Snq,H„, or ; 


II. 
40-81 

8-72 
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The numbers required by theory and obtained by experiment are— 


1 equiv. of Tin . 
8 equivs. of Carbon 


Theory. 



10 equivs. of Hydrogen 10 8-55 


117 100-00 


Mean of experiment. 

40’56 

8-62 


This radical differs therefore from stannic ethyl, in that it contains double its quantity 
of ethyl. Accordingly I propose to call it stannic diethyl. 

It is a perfectly colourless, limpid, and almost inodorous liquid, very stable, and 
having u specific gravity of 1*192. It is very insoluble in water, and but slightly so hi 
alcohol. Ether takes it up freely. Cold concentrated acids do not immediately attack 
stannic diethyl; but when heated, they disengage gases and form salts, which differ in 
constitution according to the prolongation of the action. Hydrochloric acid converts 
the substance into an uncrystaUizable chloride, insoluble in water, and possessed of an 
exceedingly pungent and irritating odour. It is only after long digestion that a crystal¬ 
line body is formed. 

With iodine and bromine the action is very violent, and produces hissing as when 
one drops hot metal into water. Explosion ensues if the two bodies are mixed in any 
quantity. 

An experiment was conducted under water, the bromine being added to the stannic 
diethyl in such quantity that a slight but permanent rod tint showed that it was in 
excess. An oily liquid was obtained which possessed the characteristic odour*, but which, 
when exposed to the air, shot into a mass of crystals. These were pressed in paper, and 
placed for some hours under the air-pump before they were analysed. 

a-8405 grm. of substance gave 0*8770 grm. bromide of silver, which nearly accords 
with the number required for bromide of stanethyl, Sn 0 4 H„Br. 

Theory* Experiment. 

Bromine . , 47*07 . 46*61 


The powerful odour of this substance, however, left some reason for doubt as to its 
exact composition. The salts of stanethyl have been, at different times, stated by 
Psanxland and LOwig as odorous and inodorous. Further experiment, therefore, 
appeared desirable before definitively fixing the formula. 

The r emaining portion of the bromide was dissolved in weak alcohol, and aqueous 
potash added. An abundant white precipitate was formed, which, after being well 
washed, was converted by add into a chloride. By gentle evaporation, fine hard and 
almost inodorous crystals were obtained, which differed* from the bromide in being easily 
and entirely soluble in water. The irritating odorous substance was .by this treatment 
entirely transferred jto .the alkaline solution. This chloride was, dried over sulphuric 
add and analysed, ■ _ ’ ■ ^ : r ' - l 

0*6070 grm. substance gave 0. : *86OO grnifcc^rbomc add' #n& 0*1977 grm. water. This 

1 v ^ x > ' . 1 1 
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result places beyond a doubt the composition of the salt, and moreover conhrms the 

last analysis of the bromide. 

Chloride of stanethyl, Sn C 4 H s Cl, requires— 




Theory. 

Bjprmnent. 

1 oquiv. of Tin . . 

'500 

_ 47-77' 

19-34 

4 equivs. of Carbon . 

24-0 

19-43 

5 equivs. of Hydrogen 

50 

4-05 

4-32 

1 oquiv. of Chlorine . 

35-5 

123-0 

28-75 

100-00 



It is immaterial whether the bromine be added to the radical, or the radical to the 
bromine. In both cases the salt of the same radical is formed. If, however, bromine 
be placed under water, and the vessel be carefully cooled, evolution of gas may he almost 
entirely prevented. In this ease ethyl in its nascent state is presented to free bromine, 
and bromide of ethyl is produced, which may be readily detected by distillation. 

Tho reaction is in strict accordance with that set forth when describing tlie mercuric 

radicals. 

Sthiwkkii has lately shown*, with much probability, that some of the organo-stumne 
bodies prepared by LOwto may be referred to double salts of comparatively simple for¬ 
mula, the analogues of which may be found in the inorganic oxyiodides and oxychlo¬ 
rides of tin. From tho method employed by Umo in forming the stanethyls, viz. by distil¬ 
ling iodideof ethyl with an alloy of tin and sodium disseminated through sand, it may 
be e erily supposed that si partial reduction only of tho iodides of stanethyl is cfFecti*d. 

The following experiments prove that various bodies are formed when zinc ethyl and 
bichloride of tin react on each other in different proportions, their constitution varying 
with their more or less complete reduction by the rincethyl. Bichloride of tin produces 
great heat when dropped into zincefchyl. If the tin-salt bo in excess, an impure chlo¬ 
ride of stanethyl is formed; if the rincethyl be in excess, the radical stannic diethyl is 
formed; whilst, lastly, if the riucethyl bo present in quantity insufficient for the last 
Reaction, that is, less than sufficient to remove the whole of the chlorine, the chief pro¬ 
duct is an oily body* which possesses the pungent and irritating odour before alluded to. 
‘3*hia pungency; which produces continued sneering, entirely disappears on adding rino 
1 ethyl 4 saturation. : It is insoluble in water, inflammable, and is clearly a stanethyl 
chloride. »In its chkf properties and behaviour it accords with the liquid described by 
L6wio, and named by him ^chloride of methylo-etanethyl,” the formula of which i* 

♦Sti,C w H u a ’ ~ * V *' ' 

Jhhcpoi’imenfs wore then commenced under an impression that tho substance in quos* 
: tioh might, prove to be a double compound of stannic diethyl and chloride of stannic 
l ethyl*, or, failing that, the liquid might result, from a union of three molecules of stannic 


Annalon, ev, p. 800. 
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One of the following expressions, it was thought, might show the synthesis of the 
chloride:— 

Sn(C 4 H^+Sn C 4 H, Cl=Sn, (C 4 H 4 ) 3 O, 

or else 

3Sn(C 4 H a ),+Sn 0 3 =2[Sn a (C 4 H 5 ) 3 Cl]. 

To test the first equation, pure inodorous crystals of chloride of stanethyl were added 
to an excess of stannic diethyl, and kept a short time at the boiling-point. Cold water 
was then added, and the whole was again raised to ebullition. The aqueous solution 
was then poured off, and solution of potash added, when an abundant precipitate ot 
oxide of stanethyl showed that no double salt had been effected with the chloride' of 
stanethyl. The portion insoluble in water proved to be the unchanged radical, and did 
not exhibit the characteristic odour of the oily chloride, which thus could have been 
readily detected. This negative answer to the first equation showed that the substaiu t* 
was no simple mixture, but a definite compound. 

A more satisfactory result was obtained when bichloride of tin was made to act on 
stannic diethyl, in the proportion of three parts of the former to four* parts of the latter. 
The mixture produced a heat considerably greater than could be borne by the hand, 
and the liquid partook of a clear brown shade. When exposed to the air it gave slight 
fumes of vapour, causing much lachiymation. 

When distilled, ebullition commenced at about 200°; but no fixed boiling-point could 
be observed, the thermometer slowly rising up to 220°, at which temperature the whole 
bad volatilized, leaving a mere trace of solid matter in the retort. 

The distillate was divided into two portions. That below 210° C. was of an oily con¬ 
sistence ; but above that point the portion solidified, on cooling, into a mass of crystals. 
These were strongly pressed between bibulous paper, and analysed 

I, 0*4170 grm. of substance gave 0*8440 grm, carbonic acid and 0-1825 grm, 

water. 

II. 0-5138 grm. of substance gave 0-5035 grm. chloride of silver. 

These numbers lead most nearly to a formula 

Cga H40 da, 

which at first seems rather improbable, but which becomes perhaps more intelligible if 
grouped as a double salt 

6Sn C 4 H # G, Sn^H^Ci 


requires the following theoretical values :• 

7 equivs. of Tin . . . 

82 oqtriys.; of Carbon 
- 40 equim of Hydrogen 
6 equivs. of Chlorine 


Theory. 

,- A -s 

413 48-16 

192 22-87 

40 4-68 

218 24-82 

868 ,'; 100 - 00 . 


Experiment 


24-49 
. 4*84 
• ' 24-20 
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Although experiment gives too large a proportion of both carbon and h)drog<m for 
tlie ascribed formulae, the salt still less accords with chloride of stuuethyh—from which 
also the crystals differ, both in form and a sort of fatty consistence. 

HVoin the circumstance that no steady boiling-point could be obtained from that por¬ 
tion of the distillate which came over below 210° C\, and which refused to crystalline, it 
appeared to be no pure chemical compound, but simply a mixture of an oily body amt 
the salt last analysed. This belief was confirmed by noticing its deportment towards 
aqueous potash, which precipitated a considerable quantify of white oxide of stanethyl. 
The solution, on the other hand, with hydrochloric acid liberated the’ abovtr-moutioned 
odorous oil To isolate this last, the whole was mixed in a mortar with rather strong 
aqueous potash, and tho magma washed in a funnel plugged with asbestos. The wash¬ 
ing was continued with weak potash until tho rinsings were nearly inodorous. 

The liquid was then distilled, a good condensing apparatus being attached. At first 
white pungent fumes passed over with the aqueous vapour, and collected in the receiver 
in the form of oily drops, possessed of great causticity and powerful basic properties. 
This product, in fact, is tho aqueous solution of the oxide of an ethylated huHO contain¬ 
ing tin, from which definite compounds may bo obtained with sulphuric, hydrochloric, 
and other adds. 

As tho sulphate is but little soluble in water, it seemed well adapted for fixing the 
constituents of tho huso. A portion of tho aqueous solution of the oxide was therefore 
nearly neutralized with sulphuric add, and heated to about 80° 0., when an opake 
colourless and crystalline salt appeared, which was dried in vacuo over sulphuric add, 
and analysed, 

I. 0*4061 grm. of substance gave 0*4700 grm. carbonic acid and 0*2470 grm. water. 

IL 0*6080 grm. of substance gave 0*6223 grm. carbonic add and 0*2710 grm. water. 

Ill 0*6629 grm. of substance gave 0*2693 grm. sulphate of barium. 


Corresponding to 

X. 

II. 

in. 

Carbon. 

28*01 

28*03 

— 

Hydrogen .... 

6*88 

6*94 

— 

Sulphur .... 
These results point to the formula 


~ r " 

6*44 


1 ' t ' 

which requires 


Sn,.C„H,,S0 4 , or Sn,(C 4 H,),80 1 , 






2 equivs. of Tin 
12 equiys. of Carbon . 
16 equivs. of Hydrogen 
' * * .1 equiv. of Sulphur . 

\<: *j v '4 equivs, of .Oxygen, 

i' w ' 

■ “ 1 3 ' V- -j 


«1 ^ 

, ^ * 


\ 

Theory. 

Moan of experiment. 

, iii~ 

46-64 

- 

. 72 

. 28-46 

28-02 

. 16 

6-02 

6-91 

16 

6-84 

6-44 

. 82 

1 

12-66 

- , 

263 

1Q0-00 

i* 

f 1 
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This substance is identical with the sulphate of LOwio’s base, methylo-stanethyl. I 
would propose a name which has a reference to the true constitution of the salts, and 
call it sulphate of distanno-triethyl. 

This sulphate differs in many respects from the ordinary sulphate of stanethyl. The 
former is infl ammable, and crystallizes either in fine needles or shining grains, which 
under a low magnifying power present the form of well-defined octahedra. Sulphate of 
stanethyl, on the other hand, is not combustible, and appears under the microscope in 
small, somewhat roundish irregular plates. The sulphate of distanno-triethyl, more¬ 
over, hIiows, in a remarkable manner, the unusual character of greater insolubility in 
hot than in cold water. A clear, cold, saturated solution becomes semisolid when raised 
to a temperature somewhat short of boiling. The salt is very volatile, and attacks the 
nose vigorously. 

I have not succeeded in isolating the corresponding radical, most probably from the 
reason that its salts exchange with zincethyl their acid molecule for an additional ethyl 
atom, and thus aro converted into two equivalents of stannic diethyl. Although the 
affinities of these sesquiethylated compounds are remarkably strong, resisting, as we have 
seen, the action of potash, there may be some hesitation in assuming with certainty the 
existence of the radical itself. All the salts may bo viewed simply as double compounds; 
and if future investigation proves them to be such, no exceptional case would arise 
against viewing them as formed on the type of the tin oxides. 

Sesquioxide of tin docs not appeur to bo known either as an artificial or natuiai 
product. The bromide and iodide of the sesquiethylated tin base is always one of the 
products of the action of those elements upon stannic diethyl. . , 

Oxide of distanno-triethyl may bo conveniently formed from the sulphate by boiling 
the salt in strong aqueous potash. If the latter be not in much excess, the oxide is 
liberated as an oily body, heavier than water, and which solidifies when cold. It is 
moderately soluble in water, and may be distilled, as has been seen, from aqueous 
‘potash. It has a powerful caustic taste, and when left in contact with the skin, pro¬ 
duces painful blisters. The aqueous solution precipitates the oxide, on additio’u of 
common salt. These properties confirm LOwig’s experiments, and very generally accord 
with the properties of the oxide of methylo-stanethyl. 

Occasionally it happens that, from an irregularity in the temperature employed for 
causing iodide of ethyl to act upon metallic tin, a yellow oily body is formed, and that 
in sufficient quantity to prevent the crystallization of the iodide of stanethyl. This 
body has a penetrating odour, and appears to be identical with that obtained by Riche 
and Cas ques* If this impure iodide be treated with aqueous potash, it will be remarked 
that a comparatively small quantity of oxide of stanethyl falls. The aqueous solution, 
on the other hand, by distillation yields an alkaline liquid, which fmfiishes with sulphuric 
acid a salt with all the properties of sulphate of distanno-triethyl. No doubt therefore 
remains that , the oil, is the corresponding iodide of, the. formula Sn s (C t H n j a L By 
separation of biniodide of tin 1 , which is to be found us one of the products of the reaction, 
mdccclix 31* 
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the occurrence of tliis iodide may he explained) 

BSn-f 3C 4 II fl l=Sn 3 (C 4 U B ) a T+Sii 1 3 . 


Action of ZincHhj/l on Protochi oHric of Tin . 

To obtain this tin-salt perfectly anhydrous, metallic tin was distilled at n giutlr heat 
with corrosive sublimate. The chloride was powdered, and by little and little intro¬ 
duced into a tube containing zinccthyl, which almost immediately became of a yellow 
colour. After agitating the contents of the tube with anhydrous ether, the solution 
was pipetted off and allowed to evaporate spontaneously. In this manner a small 
quantity of stanethyl, SnQ, 1I„, was obtained; but by far the larger quantity remained 
combined with zincothyl, from which it could not bo separated by water, without 
causing a deposit of metallic tin at the expense of the radical. 

Dr. Fuankland has before noticed that this radical cannot be distilled without decom¬ 
position into tin and a clear liquid. There can he no reasonable doubt of this body 
being stannic diethyl. 

Zrx C, U b +Hn CteSn C 4 U 6 +Zn Cl 

y 

Double amujxmml ? 

by heat, 

2SnC 4 H 6 «Sn(C 4 It # ) a +Sn. 

This method offers wo advantage ovor that hitherto employed for obtaining the organo- 
metal, viz, by decomposing the chloride with a strip of zincs. 

Tlio several reactions of zincothyl on bichloride of tin may ho thus represented, step 
by step. The tin-salt being added to the zincothyl) wo have 

I. SnClg+2ZnC*lI fl ss;Sn (C 4 II a ) 3 +2ZnGl. 

II. 2Sn Cl,+3Zn C 4 11*5= Sn, (C 4 Cl+3%n Cl. 

III. SnCl s + ZnC 4 n a =Sn C 4 1I 8 01+ ZnU 

It is worthy of remark how prone the metal tin is to assimilate the double equivalent 
of ethyl, just as we see ordinary oxide of tin passes into binoxidc. Halts both of stun* 
ethyl and distanno-triethyl readily convert themselves into stannic diethyl. 

- Plumbic Diethyl, 

■v V 

A certain relation has been long recognized between tho metals silver, lend, and 
mercury,. This ,similarity attends to their equivalent weights, the constitution of their 
salts, and various other characters. 

Notwithstanding, the sluggish action of iodide of ethyl towards lead, oven at high 
temperatures, there seemed to be ho reason to doubt success in preparing tlio ethylatod 
radical by owe of the processes already detailed. Ldwio has indeetl obttiined through 
ipdide ofithyl and an alloy of sodium and lead, an iodide analogous to a sesquioxide, in 



■ nJ ^i»- 
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of the alloy very slow, even when brought to the boiling-point of iodide of ethyl. 
Neither bromide nor iodide of ethyl showed any tendency to combine with granulated 
lead when exposed to a clear April sun for one week, neither did the bodies unite 
under pressure and a temperature of 170° C. The bromide in the last case was quite 
unchanged; but the iodide gave crystalline plates of iodide of lead and gaseous matter. 


Action of Zincethyl on Chloride of Lead. 

Chloride of lead turns black immediately it comes in contact with zincethyl. It sinks 
in the liquid, and forms a crust which is so hard that it will be found more convenient 
to operate in a bottle than in a retort. In the former vessel the chloride may be incorpo¬ 
rated with the zincethyl without fear of fracture. 

As soon as the chloride of lead ceases to change colour, the vessel is placed in a water- 
bath and heated to 100° 0., after which the liquid, when cold, may be decanted. This 
liquid fumes slightly in the air from the presence of zincethyl, which cannot be wholly 
saturated even when much chloride of lead is in excess. A compound of the lead 
radical and zincethyl is thus obtained, which may be treated with very dilute hydro¬ 
chloric acid and then washed with water. The mass of chloride of zinc in the first 
bottle may be made to furnish an additional quantity of the radical, by agitation with 
anhydrous ether. 

Considerable difficulty was experienced in freeing this radical entirely from ether. 
When distilled, the thermometer rises rapidly to nearly 204°, at about whicli point the 
vapour suddenly decomposes with a slight explosion and deposit of metallic lead. 

This difficulty was overcome by conducting the distillation under reduced atmospheric 
pressure, in a simple condenser a sketch of which is annexed. (See p. 438.) 

The apparatus was found very conveniently to permit of frequent change of the receiver, 
without disturbing the tightness of the various joints. When the barometer stood at 
80*5 inches, the radical passed over without the least decomposition at a temperature of 
162° C., under a pressure of about 7*5 inches of mercury, thus depressing the boilings 
point in a remarkable degree. 

In filling the bulbs for combustion, the precaution was taken of employing die air- 
pump ; and before proceeding to bum the substance, it was found necessary again to 
empty the bulbs by exhaustion. 

I. 0*8615 grm. of substance gave 0*3928 grm. carbonic acid and 0*2000 gnn. water. 

II. 0*8116 grm. of substance gave 0*3400 grm. carbonic add and 0T775 grm. water. 

The composition in 100 parts accordingly is— 

I. IL 

* ' Carbon. 29*62 29*74 

-Hydrogen-,. * . 6'14 ( 6*82 • 

the formula, J A 

/ \ CiH IP ) orPb (0*' 

* ,',V jl-\ S; 1 ^ ■ 

* 1 -i j ii 1 , j-- 1 - 1 i » f 

■>' r - * t -x 

, * 3 l 2 


i 


3- 
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Theory. 

Moan of experiment, 

1 equiv. of Lead . . 

. . 108-6 

64-09 


8 equivs. of Carbon . 

. . 48-0 

29-72 

29*08 

10 equivs. of Hydrogen 

. . 10-0 

0-19 

0*23 


161*6 

ioo-iio 



Plumbic diethyl is a colourless and limped fluid with a faint odour, very like that of 
the other radicals described. The specific gravity is 1*62. It is soluble in other, but 
insoluble in water. It bums brightly, with abundant fumes of oxide of lead. The 
flame is somewhat differently coloured from that of the tin radical. The latter has an 
orange flame, with blue edges, whilst the former has a distinct but faint green tinge, 
with a border less luminous. 

It reacts violently on iodine and bromine, so much so as to convert the salts, which 
doubtless are first formed, iuto bromide and iodide of lead. When poured into chlorine 
it bursts, like the tin radical, into flame. 


Chloride of iHplmMc Triethyl 

With concentrated hydrochloric acid the organo-motal yields a crystalline salt with 
evolution of hydride of ethyl, but by this method it is not easy entirely to convert the 
radical into chloride. 

The chloride is more conveniently formed by passing excess of hydrochloric acid gas 
into a tube containing plumbic diethyl moistened with aqueous acid. After a brisk 
effervescence, a solid mass is formed, which may be freely exposed to the air until acid 
fumes cease to rise. From a solution in ether the crystals may be obtained pure by 
spontaneous evaporation. 


I. 0*6400 gnn. of substance gave 0*6088 grm. carbonic acid and 0*2640 grm. water. 

II. 0*7077 grm. of substance gave 0*3240 grm. chloride of silver. 

III. 0*6447 grm. of substance gave 0*4986 grm. sulphate of lead. 

The calculations for 100 parts, when contrasted with theory, are— 




Theory. 

Experiment. 

" w i 

2 equivs* of Lead. 

&07*0 

T2-86' 

02*61 

-12 equivs. of Qarbon .... 

72*0 

. 21*86 

21*09 

16 equays. of Hydrogen . . . 

, ,16-0 

4*55 

4*57 

1 eqtdv. \of Chlorine . /. . 

86*6 

10-76 

11*82 

l „ ujl-. 

- ? ' 1 , 

> 

, 826*6 

4 

•; ioo-oo 

“l 

100*09 


'Phis salt accordingly is the chloride.of diplutnbic triethyl, having the formula 

., r , Fb, C lt H„ Cl, or Fb, (C. H,), a 

1 , "l . 1 1 " i 1 

j, i n, i A f ^ 

; in long colourless crystals, which have a strong penetrating odour, 

tef the corresponding body in the tin series. It fuses between watch- 


7- i j y- 
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Pig. 1 —Apparatus for distilling Plumbic Diethyl, &c. 

A. A wide-mouthed bottle. 

B. A well-grou nd stopper formed from a piece of stout glass tube, 2 inches in diameter. The stopper is 
ground rather taper to prevent adhesion. 

0 A small quilled condenser. 

D. Tube connected by caoutchouc with mercurial gauge. 

G-. Mercurial gauge. 

3}\ Air-pump. 

The tubes C and D are cemented into the Btopper B by plaster of Paris and a layer of resinous cement 
to close the pores. 

E. fttrm.il receiver capable of being changed when needful. 

Pig, 2.—Modification of Dr. PiuancLAirn’s apparatus for preventing loss by frothing when making tinoethyl. 

h 'Wrought-iron head screwed into upper plate of digester 2; 8,4 Bcrews with nuts and leaden washers 

for dosing apparatus during the formation of RmcethyL 
When distillation is to beperfortoed, the screw 4 is removed and the delivery tube $ attached. 3 is then 
' partly unscrewed j and if frothing takes plao^ it passes through 5 into >the retort without loss. 

r ' J f * * j 

' * ^ Ij * ' ^ 

\ r J v * „ 
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glasses, and ignites at a comparatively low temperature, with the characteristic lead 
flame. 

When heated with concentrated sulphuric acid, the salt blackens, and is convcitcd 
into sulphate of lead. After addition of a little nitric acid, this carbonaceous deposit is 
removed, and the sulphate may be used for a quantitative determination of the lead. 


Sulphate of DiplmiMc Triethyl 

May be formed by adding dilute sulphuric acid to a warm concentrated solution of 
the chloride. On account of its greater insolubility, it crystallizes out on cooling, in 
the form of fine asbestos-like needles. These may be purified by solution in alcohol, 
in which the sulphate is more soluble than in water. From alcohol the crystals may 
be obtained of considerable size. 

0*5055 gvm. of subs tan ce gave 0*3850 grni. carbonic acid and 0*2035 gnu. water, lead* 


ing to the formula 

Pb„ C l8 II,, 

SO„ or Pb,(0 4 H,),S0 4 , 


which requires the following values 

2 equivs. of Ivead . . . 

r — 

. . 207 

Tlwtiry. 

~ 0(Tq2 

I'kpomnenL. 

12 equivs. of Carbon . . 

. . 72 

21-05 

20-77 

15 equivs. of Hydrogen . 

. . 15 

4-38 

4-47 

1 equiv, of Bulphur . , 

. . 10 

/ 

4-04 

. — 

4 equivs. of Oxygen . . 

. . 32 

9-41 



342 

100-00 



It would appear, therefore, that from two molecules of the organo-motai, one equi¬ 
valent of ethyl only is displaced by the negative chlorine, or the compound group S0 4 . 
Hitherto my attempts to produce a lead base richer in ethyl have failed. Experiment 
shows that if chlorine be passed over the scsquiethylatcd chloride, the decomposition 
proceeds beyond the removal of the additional equivalent of ethyl; in fact the salt 
enters into combustion and is entirely destroyed. The aqueous solution of the chloride 
appears also to be unaffected by a stream of chlorine gas. Chloride of lead is not thrown 
down. 


/ , v . „ v ' (hide of Tnethyl 

The alkalies do no t immediately farm precipitates in the aqueous solutions of the salts 
of this base; but when the "solid chloride is g"en% heated with strong potash, on oily 
' b 0| 3y sinks, without liberation of oxide of lead t The same body may be obtained more 
.conveniently through the agency of oxide of silver. The oil which forms on cooling a 
\ vdryst^dline mass, is oxide of diplumbic triethyl. It readily volatilizes in white pungent 
i:.sneering.* -It strongly blues litmus paper, and attraots carbonic 

? *‘it&$&*?&;* ** , , . 
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acid from the air with production of a crystalline salt, which is the carbonate of the 
base. The various sesquicthylated plumbic salts may be readily obtained from both the 
oxide and carbonate here described. 

Doubtless, from the difficulty hitherto experienced hi procuring these plumbic salts, 
no verification of thou properties appears to have been made since the appearance of 
Lt r >win’s researches above alluded to. On this account, perhaps, less apology may be 
thought necessary for bringing the foregoing remarks before the attention of the lioyal 

Society. 

As A broad field yet remains open for inquiry, 1 purpose resuming the subject of the 
organo-metals, but in a Bomewhat different direction. 


February 28#//, 1850. 
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XXII. Farther Researches on the Grey Substance of the Spinal Cord . 
By J. Lockhart Clause, Esq. z F.R.S. 


Received Juno 17,—Read. Juno 17,18G8. 


Since the appearance of my second scries of investigations on the structure of the 
Spinal Cord, certain modifications in the method I employ have enabled me to carry my 
inquiries to a still greater extent, and in many respects beyond the limits of what was 
act ually known on this important subject. By this modified method the elementary 
nerve-tissues undergo less alteration from their natural state; for the most minute nerve- 
cells and their processes, as well as the finest fibres, are permanently preserved, and 
display a sharpness of outline unattainable by any other mode of preparation employed 
at the present day; while sections the one-twelfth of an inch in thickness may be 
rendered perfectly transparent*. 

Many of the older anatomists, from Bartholinus downwards, had observed that the 
grey substance of the spinal cord is softer, more delicate and more vascular than the 
surrounding white columns; but Rolando was the first to point out a diversity in its 
structure. He observed, chiefly in quadrupeds, that on each side the posterior third of 
the grey crescent consists of a peculiar cincritious substance, which presents a different 
aspect from that which forms its two anterior thirds: it is different in colour, darker, 
and less redf. Rolando, however, assigned too large a space to this “ new substance,” 
which does not comprise so much as the posterior third of the grey crescent, but forms 
only a comparatively narrow and curved lamina or band around the extremity of each 
cornu, and, when viewed in a thin section by transmitted light, is found to be actually 
much paler and more transparent than the rest of the grey crescent. That this lamina 
is the part indicated by Rolando appears evident on examining his plates 

Now I propose, also, to make a primary but different division of each posterior cornu 

* See Appendix. 

f “ Non h molto difficile il vedere nel midollo spinale di hue, di maiale e 4i pecora* che le coma posteriori 
della sos tanza cmericcia, che in quest! si mostrano molto pih spesse e piii grosse ohe neH'uomo, sono formate 
in gran parte da una Bostanza ciuericcia partioolare, che presenta un aspetto diverso da quello, che si osserva 
B ella poraone ohe forma i due terzi anterxori della mezza lima. Qnesta fcuova sostanza b pih gelatinosa, 
eft ohe & di che premde eziandio nn oolore diverso, e che in goner ale A mono rossigno, edi lin colctre piii 
osouro,” J liceToke Anatomohe tilth* StruUuradel Mxdollo Spinale (con figure), 183A, Torino, p, 60. He 
states that it was only in quadrupeds that he succeeded in distinctly seeing' titf,new 1 'substance, partly 
because in them the spinal cord may be obtained in. that state of freshness which ds more favourable for 
observation, and partly because this substance ie found there ii greater abundance j hut that, nevertheless, 
in Man, unequiyo^ traces of it may be Been in the lumbar region. 

X Some authors, however, Seem to' thatt^^ ‘ comprises a larger portion of each 

ilDCCCLIX, : & H ’ 
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into two parts, namely, the caput cornu and the 1 cervix cornu*. The caput consists of 
the broad or expanded extremity of the comu, and is separated from the cervix by an 
imaginary line drawn across from the opposite anterior extremities of the arched lamina 
of gelatinous substance. In some regions of the cord a line of somewhat paler substance 
partially marks the separation. The cervix comprehends the remaining portion of the 
comu as far forwards as the le\el of the continl canal. This distinction is giouuded 
on the facts,—!, that in ascending the medulla oblongata, the part which I designate' the 
caput comu is thrown aside' from the rest, as a elistinet mass which is traversed in 
succession by the vagus and gle>ssophnryngeal non eh, auel then becomes the' principal 
nucleus of the sensory root of the trifacial; and 2, that, uidopondenily of the gelatinous 
substance which summnels it, it eli/feis in structure from the' cervix, or remaining part e>f 
the comu, which, in the medulla oblongata, supplies the grey substance' of the posterior 
pyramid and rediform body\. This distinction is not only consistent with anatomical 
facts, but will be the means, 1 think, e>f oeleliug olenunicsH and precision to the descriptiem 
of these parts. 

The ctqmt coma posferioris curie's in fonn in different regions of tlie' cord. In the? 
upper part of the cervical region it is long and pointe*d, or pyramidal; broader and more 
rounde'd in the lumbar onl«rge'me*nt and in the coiiuh mt'dulhiris; miel again poiute’el, 
or somewhat pyramidal, through the* whole of the dorsal region in Man (se'e* lig. 12, 
Plate XXV.; fig. 15, Plato XXL; fig. L7, Plate XXIIL; Jigs. 5 & 0, Plate XXL). 
Kromits border a network of blood-vesselN, accompanied by nervo-tibres, extends outwards 
through the posterior and lateral columns (see fig. 1, Plato XIX.), and in the lumbar 
region especially is very conspicuous around its pointed extremity, at the bottom of tho 
lateral fissure, where it divides the white columns into a number of separate fasciculi of 
different shapes and size's. 


posterior coma, —au opinion which is perhaps foundod on the statement of Eojlando, that it forms the 
posterior third of tho grey eroBoent. 

* In my memoir on tho Medulla Oblongata I have written “ caput oorntfo posterioris." As 1 luivu heard 
that Hub has been objected to by an “ einineut classic,” on tho ground that tho uouu cornu is indeclinable 
in tho singular number, 1 may hero take tho opportunity of informing any oho who has made or may make 
a similar objoction, that tho expression is perfectly grammatical and correct; for thuro is another aud more 
auciont form of tho Homo noun, which makes both tho nominative and genitive singular to end in us. This 
ancient form may be found in several of the Latin classics—in Ohlbuh, OrcxRo, Lucax, and tho older Phtnv, 
In Pxnrx it occurs fluentlys see Uistoria Sat itr alls, lib. viii. 20; lib. x. 00; lib. xili. 01 and 02; lib. xxviii. 
*2,46, and 64. I find that it has also been used by Mjbvslvii in his dissertation Do medutta spinalis avium 
lextw'Us Uorpat, 1800. X employed it on account of the distinctive charaeler of its genitive; but as it appears 
accessory at times to use tho words cornu and cornua, because they aro so generally known, 1 sluill coniine 
myself to tho moro modem form of tho noun. 

t 8ce the autlior's M Medulla Ohlongate, n Philosophical TranHaetions, Port 1.1808, ilgs. 32, Iff, 16,10, 
and 28. Tho grey tul)crcJo of Eouando, which roaches tho surface ou each sido of the medulla oblongata, is 
generally considen'd to consist of tho gelatinous substance, but in foot it includes tie whole diluted extremity 
of tho posterior comu, or caput comu. 
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Structure of Caput Cornu Posteriori#. 

The caput cornu may be seen even, with the naked eye to consist of two different 
portions: 1, an outer and comparatively transparent portion—the gelatinous substance; 
2, an inner and more opake portion, or base. 

1. The outer portion or gelatinous substance consists of— 

A. Nerve-fibres. 

B. Nerve-cells. 

C. Blood-vessels. 

D. Connective tissue with nuclei. 

A. The nerve-fibres are transverse , longitudinal, and oblique. —The transverse fibres, 
proceeding from different parts of the grey substance, run backwards across the gela¬ 
tinous substance in a kind of radiating series of bundles, and in planes at riglit angles 
to the axis of the cord (fig. 1, Plate XIX.). The bundles near the middle line (as seen in a 
transverse section) are straighter and more parallel than the rest, but partly join or cross 
each other near the posterior border of the gelatinous substance , from which they run 
out through the posterior columns as radiating fibres and posterior roots of the nerves. 
The bundles on each side take a curved direction towards the middle line, but before 
they pass out, their fibres describe a series of arcs of different lengths within the margin 
of the gelatinous substance : along the inner side of the latter there is always a large 
bundle which subdivides and runs out towards the posterior median fissure; and from 
the outer side of the gelatinous substance a smaller number of fibres proceed through 
the posterior part of the lateral column. The primitive fibres composing these bundles, 
as I showed on a former occasion, are not grey fibres, but tubules of small average size, 
the larger kind possessing double contours. By far the greater number vary from about 
the y^th to the aa.Wtft h of an inch in breadth, but are intermixed with others of 
about the of ^ ^ch ^ diameter. The marginal fibres within the posterior 

border of the gelatinous substance are more often of the latter kind. 

The longitudinal fibres of the gelatinous substance are very numerous, and resemble 

the finer tubules of the transverse bundles*. 

The oblique fibres, which are found in different planes, are in various degrees inter¬ 
mediate in direction between the two former sets, and, as I formerly stated, are appa¬ 
rently continuous on the one hand with the longitudinal, and on the other with some 
of the fibres of the posterior roots f. 

* These fibres were more fully described izi my first communication, Philosophical Transactions, 1851, 

Part JX p. CIO, ■ - „ , r < ' * 

f In his first treatise on the .Spinal Cord, Stjxxing described all the fibres of the grey substances* grey 
fibres, but inkis recent work they are showii to be tubules. He seems to think tkht,I wfls hot acquainted 
with the fibres which .take an oblique course through the gelatinous substance. Itia true that I gave no 
separate desenption of them, but in the explanation of fig., 2, Plate 3tX, Phflbsophioal Transactions, 1851, 
Port XL, when speaking of the bundle! which prcgeetlnto^gwy substance, 
I observed that “this appearance is caused byobh^wfltton^'pfbuiid^ of nerves and blopd-vesselt which 
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B. Cells of the Gelatinous Substance*. —The cells of the gelatinous substance, in 
regard to size, may be described as (a) huge, (b) small, and (c) intermediate. 

(a) The large cells are almost exclusively found amongst the semicircular fibres which 
run within the external border of the substantia gdatiima, and never extend beyond the 
middle of its depth (fig. 1, Plate XIX., and fig. 47, Plate XXII.). They are more or less 
oval, pyriform, fusiform, crescentic, triangular, or otherwise irregular, and contain distinct 
nuclei. They all give off processes from two to five or six in number. The fusiform 
and oval variety are elongated transversely, longitudinally, and in planes intermediate or 
oblique. Sometimes a fmforn coll tapers at each end into a broad process, which 
attenuates in its course, and either remains single or subdivides into two or more; or it 
bifurcates at once into two processes at each extremity or only at one* In a transverse 
section of the cord, some of these processes appeal 1 to terminate in one or more of the 
semicircular or marginal fibres; some run backwards through the posterior columns, or 
forwards across the gelatinous substance ; others pursue a longitudinal course with the 
fibres of the gelatinous substance, or along the verge of the posterior columns. Prom a 
cell of another shape three or more processes may be seen to extend in different direc- 
tions—backwards, forwards, laterally, obliquely, or longitudinally. Frequently a tri¬ 
angular cell, resting on the verge of the gelatinous substance, sends a process right and 
loft, and a third through the posterior column along the side of a bundle of the posto- 


outer tho grey substance in & more or \m longitudinal direction, or with various dogruo* of obliquity.” 
An d in my second communication, Mtosophical Transactions, 1858, p* 8B8, it is stated, “ 1 believe that, 
they (the longitudinal fibres of the gelatinous substance) ore all derived from the fine fibres of tho posterior 
roots,” which must therefore cross the gelatinous substance in on oblique direction. 

* The cells of the gelatinous substance have been described by Kou.ikee, SowbBdbu va.it nan Kot.k, 
and by Shuging- in his late work, In my first communication I only incidentally mentioned them in the 
following passage: “ All (the nerve-cells of the grey substance), except those peculiar to the gelatinous sub¬ 
stance, have remarkably delicate processes issuing from their sides.” Upon this passage Smx.rwo takes 
the opportunity of remarking, that by my peculiar method of preparation the Boctions are rendered too 
transparent, so that the finer elementary structures escape observation. This objection is without sufficient 
foundation. In the first place, I described the gelatinous substance, oh 1 then stated, from examination of 
thejM cord, treated with acetic acid, and not by means of my “peculiar method” of preparation, which, 
however, shows the cells and processes ia the most perfect manner; secondly, to see those preparations to 
' Vantage; the illumination must bo adapted to their degrees of transparency. But they may bo mode of all 
dogbees^ transiency and of thickness up to the one-twelfth of an. inch, If SmiiKO has given but a 
* hasty trial to this method and only messed with a little turpentine and Canada balsam, he is not prepared 
to offer an oponion worth notice. r ,I may odd that the few of my preparations that have found their way to 
the Continent sre^ some of the first that I made, and, flw very inferior to those I have since mode, especially 
by my modified method* f ' The great thioknes^ also, <i£ some of these preparations renders them exceed¬ 
ingly valuablo for tracing the course of fibres, which must often be inevitably out across in tho very thin 
sections required by other methods, This is evident in Snwnfa’fl large wall-diagram, where the grey sub- 
stance, particularly of the cervix cornu posteriori^ appears chopped up like chaff $ so that it is impossible 
Ml^p^any idea of the destination of tho fibres. B may not bc out of’ place to state that all the observe- 

' on sections of the cord hardened simply 
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nor roots, or through a fissure containing a blood-vessel; or two contiguous bundles of 
the posterior roots, as they pass out from the gelatinous substance, are accompanied by 
the processes of a crescentic cell, which occupies the curve between them (see fig. 3, 
Plate XIX.). And beyond the point of the cornu, a variable number of others, of different 
shapes and sizes, may be seen amongst the network of blood-vessels and fibres, which is 
formed, as already stated, around separate fasciculi of the posterior and lateral columns. 
They occupy the angular interspaces or partially embrace the fasciculi, and send between 
them their processes, which contribute to form the network (i, 5, fig. 1). 

(b) The mall cells abound in every part of the gelatinous substance. They are round 
or oval, somewhat pyriform, fusiform, or angular, and give off two processes or more. 
Fig. 40, Plate XXII. a, l , c 9 represents them magnified 360 diameters. They vary con¬ 
siderably in size, and many arc nearly as minute as blood-disks*. The largest of them 
contain distinct nuclei. Near the border of the posterior columns, the oval and fusi¬ 
form variety, like those of the first set, are elongated transversely, longitudinally, and 
obliquely; but through the rest of the gelatinous substance the longer axes of many, 
as well as their processes, are parallel to the antero-posterior fibres that form the posterior 
roots of the nerves, with which they are apparently continuous (fig. 1, Plate XIX.). 

(c) The cells of intermediate size, like the first set, which they closely resemble in 
shape, are found chiefly near the verge of the posterior columns. Some are so exceed¬ 
ingly fusiform that they appear like gradual dilatations in the course of tho fibres, but 
still they arc true cells* 

There can bo no doubt whatever that a groat number of the smallest cells of the 
gelatinous substance belong to tho connective tissue. This tissue extends as a fine 
network from the border of the grey substance, through the white columns as far as the 
surface of tho cord, where it forms a layer of variable thickness, in which its fibres run 
circumferentially, and return at intervals to rejoin the network in the white substance. 
Now in very delicate preparations which I lately made of the spinal cord of the Calf 
between three and four months old, I discovered that in every part of the white oolmrn 
the connective tissue between the primitive nerve-fibres abounds frith both nuclei and 
small nucleated cells, many of which are quite equal in size and similar,in character to 
numbers of those which are found in the gelatinous substance; but on account of their 
position, some of them are more diversified in shape. They are more or less round or 
Oval, pyriform or club-shaped, angular, fusiform or crescentic, and lie in the interspaces 
between the nerve-fibres, sending out fine processes in different directions to join the net¬ 
work of connective tissue. Frequently a crescentic cell half encircles a primitive nerve- 
fibre,, and forms a swelling or knot around one side of its sheath. Fig* 48, Plate XXII. 
represents the appearance of some of these nucleated cells and free nuclei ■ There is no 
difference in structure between them and the smallest of those in the grey substance; 
indeed from tins substance an minterrmted layer of cells and nuclei, of an apparently 

* ' . -'C 

* Care must be taken, not to confound these minute calk with the out ends of email blood-vessels t a 
mistake not at all unlikely to oocur'where'they arei&t very distinct and well-defined. 1 

if J 11 
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identical character, may be traced through the white columns between the fibres, as fur 
as the surface of the cord. The nuclei are more or less round or oval, and contain a 
number of delicate granules. In a free state (see fig. 48 e and fig. 46 c) they abound in 
every part of both the grey and white substance, but sometimes they are partially or 
wholly surrounded by a kind of shaggy, flocculent, or finely filamentous mass (fig. 48, 
below the letter e), while in other instances they arc attached to the surrounding parts 
only by a few fine fibres. Now there is reason to believe that this flocculent or fila¬ 
mentous substance is really the remains of the cell in process of development into the 
surrounding tissue and sheath of the nerve-fibre; for on examining the cord of an adult 
animal, I found that the nucleated cells had disappeared, while in the midst of the fila¬ 
mentous tissue between the nerve-fibres, the same kind of nuclei- were still present*. 

These observations, then, render it apparently impossible to point out the exact 
distinction between the connective and the true nerve-tissue, and might suggest the 
question, whether there is any actual and essential difference between them, or whether 
the connective tissue of the cord be intermediate in its nature, passing on the one hand 
into wem-tlssue, and on the other into pia mater. 

; 2. The anterior or inner and more opalco portion of the caput cornu is continuous 
with the grey substance. of the cervix, and surrounded behind and on each side by the 
arched lamina of the mManMa gelatines®, with which it varies in shape at different 
regions of the cord (figs. 5 to IT, Plates XXI. XXV. & XXIIL). In some parts of 
the cervical and in the dorsal region, os seen in a transverse section, it projects into the 
gelatinous substance in the form of a cone, while in other regions its posterior border 
is more or less, angular or rounded. Its elementary structure, in addition to blood¬ 
vessels and connective tissue, consists of— 

a. . Longitudinal fibres. 

b. Transverse and oblique fibres. 

c. Cells. 


a. The longitudinal fibres are collected into bundles, and are the principal cause of 
the opacity of this portion of the caput cornu. They are broader and coarser than the 
fibres of the gelatinous substance, which, however, thoy immediately adjoin, Sometimes, 
asm fh&xuxdc, they form round the extremity of the cone a kind of arched band or roof, 
it ihe ;< same shape and about the same depth as the substantia gelatmosa, which rests 

- ' i* ^ > r, . ^ , 1 

i ' ^ i ( 

* I find that precisely,B&nilittf nuplei aw abundantly scattered throughout both the white and grey sub¬ 
stance of the oerebmri and cerebellum* the convolutions of the cerebellum, the nuclei, which in a 
dense layer form the internal portion of the grey substme, and into which the fibres of the white substance 


first penetrate, ore for the most part a little different from .those 1 in the immediate neighbourhood. Thoy 
, m t generally round or globular, ere more uniform in site, and mostly contain a distinct and dear circular 
ror globjilar nueleblus (as in fig, 46, Hate XXII,, boloyr the letter a), surrounded by fine granules, Nude! 
but frequently of larger she and sometimes containing two globular nucleoli, are very numerous 
(see the two above a, fig, 4fi), but are not peculiar to this substance, They are 
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upon it*; while in the cervical and lumbar enlargements they also extend, but in smaller 
n um bers, through, deeper parts of the cone. The bundles themselves are of different 
sizes and not exactly parallel, even in the same plane, but intersect each other at acute 
angles, and extend obliquely, at intervals, into the gelatinous substance; so that in a 
transverse section some of their divided extremities are more or less oval or elongated, 
and give to the posterior border of the cone, or lamina, an irregular or jagged outline, 
like the worn extremity of a brush (see fig. 2, Plate XX. D, on left side). 

It. The transverse fibres are continuous with the posterior roots of the nerves and 
longitudinal columns, and cross each other and the longitudinal fibres in a great variety 
of ways. Some of the roots, on reaching the base of the cone or cagmt cornu, return 
through it in loops to the posterior columns (see fig. 2, Plate XX P, on right side); 
some become continuous with the longitudinal bundles, particularly on the outer side; 
others cross them obliquely in opposite directions and run out on the one side through 
the lateral, and on the other through the posterior, columns; while the rest proceed 
forwards through the cervix cornu, and in port escape through the posterior commissure 
to the opposite half of the cord. 

The oblique fibres, as may be inferred from the descriptions just given, ore only con¬ 
tinuations of the transverse and longitudinal, at different angles and in different planes. 

c. Most of the cells are of the smallest and intermediate size. Hie majority arc oval 
and fusiform—sometimes to a remarkable degree, and lie with their longer axes and 
their processes in the direction chiefly of the oblique and horizontal nerve-roots, but also 
in the direction of the longitudinal fibres, with which they appear to be continuous. 

Amongst these, a few larger cells, from three to five in a transverse section of 
modorate thickness, are scattered at unequal intervals. They are more or loss oval or 
fusiform, or irregular in, shape, and give off from three to five processes, or perhaps more. 
Frequently one of these cells is found nearly as far back as the verge of the gelatinous 
substance; but they mostly lie deeper. Sometimes they bifurcate around longitudinal 
bundles, which are probably accompanied by some of their processes* while the others 
may be traced to a surprising distance and in different directions, backwards, forwards, 
and laterally to the white columns. 

Saving given the structure of the caput cornu posterioris, I shall next describe the 
cervix, or rest of the posterior grey substance, as it appears in the dorsal region, and 
then proceed to trace it both upwards and downwards, through the remaining length of 
the cord. In the dorsal region I shall describe it in considerable detail, and illustrate 
it by drawings of the greatest possible exactness, not only on account of its great interest 
and apparent importance, but in order that we may recognize its parts as the same 
during the changes which they undergo in passing through other regions. 

About the middle of the dorsal xegion in the spinal cord of the higher V ertebrata, the 
inner sides of the posterior .cornua are in elose contact along the-, middle line, or are 

# This layer ed? fibres! pointed cult,in $iy #rst the Spinal Gord, Philosophical Trans- 

ctioos, 1801, Part H. p, 611. 
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separated only by blood-vessels whicli descend from the mcdio .11 fissure j so that together 
they form but a single mass, along the posterior port of which the gelatinous substance 
is uninterruptedly continued from side to side*. Fig. 2, Plato XX. represents a 
transverse section of the grey substance in the dorsal region of the Calf, magnified 
60 diameters. The caput cornu postcrioris, on each side, would be marked off by an 
imaginary line extending across from the anterolateral extremity of the gelatinous sub - 
stance to the bottom of the posterior median fissure (l); while the cervix is included 
between this line and another drawn nearly horizontally across from the anterior border 
of the transverse commissure wliich arches over the pellucid space (II) surrounding tin* 
central canal. 

The inner or median half of the cervix is occupied by a remarkable longitudinal 
column, wliich in this part of the dorsal region is nearly cylindrical or oval. These 
bodies I described in my first communication, and named them the posterior vesicular 
columns — column® vesiculosa posteriores ; but their liighly interesting structure and 
connexions have induced me to examine them again with more attention. 

Each posterior vesicular column (M, M, fig. 2, Plate XX.) consists of a somewhat dark 
cylinder of fibres interspersed and surrounded by cells and their processes. The fibres 
are in great port derived from the posterior roots of the nerves, and are much finer than 
those of the white columns. They are more or less longitudinal, transverse, mid oblique*, 
and interlace each other in bundles in the most intricate manner, as may be seen in a 


longitudinal section. 

The cells in the cylinder or opake portion of the column are oval, pyriform, or more 
or less fusiform, and variously stellate (see also Plate XXII. figs. 49 & 60). They differ 
considerably in size; some arc very small, but the largest are quite equal to those of the 
anterior cornu. Their number, also, varies in different sections of the same thickness, 
and even in the opposite columns of the same section. Sometimes only a few small 
cells, with perhaps a single large one, appear at irregular intervals; and occasionally 
they are all absent. Their processes extend transversely^ obliquely, and longitudinally ; 
transversely they intersect the cylinder in various ways (M, M, Plate XX. fig. 2), in a 
kind of network formed by their subdivision, and in irregular curves, which sometimes 
.suddenly change their course to become longitudinal^ and sometimes escape directly to 


•* parts, or after running for some distance round die cylinder. In sections 

" ' mftde IcmgUudinally all the cells are seen to be elongated in that direction (Plate XXII. 
fig. .60), and are frequently quite fusiform; it would therefore appear that each cell is 
prolonged in differeht planea. ‘ They lie imbedded in the plexus of bundles, and branch 
into many processes, which run transversely backwards and forwards; obliquely and 
longitudinally '. Sometimes longitudinal processes'extend to a surprising distance, and 
" then become transverse, and often again longitudinal 

<; V ike Bodpntia^flt least in tbs &uinea*pig > Udt, atal tlio posterior cornua, A^ ia Man/remain 

■T£ofibs cord. It is carious. Also, that in these animate the caput comu.te rcmavkftbly 

pariaeularly in the cervical region, and »thronged, as indeed is every Otherpart of 
v '' whh *tftrileelte. ' - * 
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Around the whole of the cylinder, and partly encroaching on its border, other cells 
are disposed, that contribute to foim, by their collective processes, an irregular circle of 
fibres; but these individually, after describing parts of the circle, run off tangentially 
in different directions (fig. 2, Plate XX.). On the outer side of the cylinder they cross 
each other obliquely from before backwards and vice versd, extending in opposite 
directions to the anterior and posterior cornua. They also contribute with the posterior 
roots to form the transverse commissure behind the central canal. The cells are of all 
sizes, and mostly fusifonn—often to a remarkable degree; but some are triangular and 
stellate. Many are curved and elongated circumferentially; others are inclined at a 
tangent, and send off their processes, on the one hand, within or around the circle, and, 
on the other, to distant parts. Sometimes an irregular or stellate cell sends two of 
its processes round the circle, one longitudinally or obliquely, and the rest in other 
directions, but mostly towards the anterior parts, or towards the lateral column. 

When the posterior roots of the nerves are traced inwards, they are found to bo most 
intimately connected with all parts- of the posterior vesicular columns. One large bundle 
is generally observed proceeding from near the middle of the caput cornu to the outer 
side of the cylinder, where its fibres diverge or separate: some of them partly enclose it, 
apparently in connexion with the ccll-processes; while the rest interlace within it, or 
form a series of tortuous curves, as may be seen best in a longitudinal section; or after 
running longitudinally backwards and forwards, in a kind of looped or zigzag course, 
escape into the lateral white column*. Another large bundle (P) invariably enters 
along the inner side of the caput cornu near the posterior median fissure; some of its 
fibres return backwards towards the point and outer side of the gelatinous substance, 
partly to form loops with other roots, and partly to escape through the lateral white 
columns; some interlace through the cylinder; some sweop round on its outer side and 
join both the" posterior and anterior commissure, while others are prolonged forwards 
through tho laterai portion of the cervix cornu. 

A band of fibres from the posterior transverse commissure, after curving round the 
front of the vesicular cylinder, runs nearly horizontally outwards (as seen in a transverse 
section) to the lateral border of the grey substance and lateral column (see figs. 2, 

5 & f 4). These fibres, which are more conspicuous at the upper and lower parts of the 
dorsal region, are joined by others, which proceed from the inner side of the cylinder, and 
from a different plane ; for at this point they are cut across in the section, and terminate 
abruptly in divided extremities'!*. The lateral portion of the grey substance which is 

i 

# It a difficult, however, to determine whether those tortuous and sigsag fibres are directly continuous 
with the posterior roots, or with the processes of the cells, for their diameters are often considerable. 

f This appearance is observable chiefly in the upper and lower parts of the dortsl region, but particularly 
the latter; it is also to be seen in some degree in the cervical and lumbar enlargements y in the upper part 
of the latter it is very conspicuous. , At the point where these fibres are divided in "the transverse section, ^ 
that is, at the inner'side of the j posterior t mitnikfv ceUwin, and a little behind the spinal canal, they appear 
to be continuous with the tcpuoua' And «^«%fibres seen iM fongttudinal section, as above described* 

WDCCOLIX. ' # 

* 
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traversed by this band, and near the level of the canal, may be considered as intermediate 
between the anterior and posterior cornua. At the border it forms a small and more 
or less pyramidal projection (I?, figs* 2 & 4, Plate XX.; and figs. 8, 6, 6, Plate XXI.), 
which is very transparent, and in colour resembles the gelatinous sttbstance, In some 
parts of the dorsal region, as we shall presently see, it extends inwards as a somewhat 
conical layer, and becomes less transparent towards the point, which reaches nearly to 
the front of the posterior vesicular column (fig. 3, Plate XXI.; and fig. 4, Plate XX.). 
This tract, which I intend to follow through other regions of the cord, was first pointed 
out by myself in 1851*. I shall call it, on account of its position, the tractus inter- 
medio-lateralis . It consists for the most part of oval, fusiform, or pyriform and trian¬ 
gular cells, which are somewhat smaller and of more uniform size than those of the 
anterior cornu. Figs. 51 and 52, Plate XXII., represent them magnified 220 diameters. 
In the middle of the dorsal region they are less numerous than in some other parts, 
and found only near the verge of the grey substance. They are elongated as well 
transversely as longitudinally,— transversely both in a lateral and antero-posterior direc¬ 
tion, in which they send their processes, on the one hand, to the transverse commissure 
and the lateral column, and on the other, to the anterior and posterior cornua. Some¬ 
times a few lie beyond tho border of the grey substance, where their processes accom¬ 
pany nerve-fibres and blood-vessels which radiate through the lateral column (fig. 51 />, 
Plate XXII.; and fig. 2, Plato XX. F). 

The; outer or lateral portion of the cervix cornu posteriori (Plato XX fig. 2, and 
corresponding part on tho opposite side of the figure), between the tractus intermedia - 
lateralis and the caput cornu, is composed of fibres and cells. The fibres descend from 
the roots of the nerves, and run partly outwards to the lateral column, and partly 
forwards to the anterior cornu, passing through the tractus intmnedio-lateralti (F). 
The cells, which are often of considerable size, are mostly fusiform in the same direction 
iv» the fibres, and taper into processes of remarkable length, which seem to be con¬ 
tinuous with them. But some of the colls are stellate or irregular in shape, and send 
out their processes in all directions. These are generally observed near the outer border 
of the, posterior vesicular column, with which they are partly connected by thoir pro¬ 
cesses, and near the edge of the mm and the base of the caput oomu, where same of 
r their processes contribute with blood-vessels and fibres to form a network around several 
.. longitudinal bundles, with which others are probably continuous. At N (fig. 2) are 
three bf 'these iongitudin^ bundles, the most anterior pf which is partially embraced by 
a multipolar cell, and the most posterior by another of a crescentic form. The outer 
cells of the posterior rericular column are so gradually intermixed with this lateral 
layer, that it seems almost Mpqssible to determine their, exact limits. 

, /,' r receding from the middle of the dorsal region towards either extremity of tho cord, 
^ j^sterior cornua gradually separate from behind forwards, receiving between them 
* ^ layers of the posterior columns, until in the middle of tho cervical 

^ jPhUoflophicoJ TwuxJinctiooer Parfc 11^ ^ 
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ruirl lumbar enlargements they arc joined only by a narrow band of the transverse com¬ 
missure, immediately behind the canal. During these changes, the posterior vesiculai 
columns undergo certain modifications in form, size, and structure. As they approach 
the cervical enlargement, the cylinder or opakc portion of each is gradually reduced in 
size, but the whole inner half of the cervix is still occupied by the surrounding layer of 
cells. Sometimes the cylinder is intersected, and divided into smaller portions, by fibre* 
of the transverse commissure, in continuity with the processes of some of its own cells, 
which are more or less intermixed with those of the surrounding layer: other fibres of 
the transverse commissure, in their passage outwards, enclose it in front and behind, and 
after partly reuniting on its outer side and running backwards through the caput cornu, 
where they are also continuous with cells, they diverge and traverse the gelatinous sub¬ 
stance as posterior roots of the nerves. Some of those fibi’es which enclose it in front, 
in company with processes or fibres from the inner side of the vesicular column, proceed, 
as already stated, with a gentle curve, or in a slightly serpentine course, to the lateral 
border of the grey substance, where they are partly continuous with the cells of the 
tractm mtemedMut&rulis (F, figs, 2 & 4, Plate XX.), while the rest escape through 
the lateral column. Behind, and at the sides of, the canal, the fibres of the transverse 
commissure are connected with many small oval and fusiform cells,—sometimes with 
others of larger size,—and are separated at intervals by blood-vessels which run longitu¬ 
dinally and obliquely and communicate with one of considerable size, which proceeds 
transversely, with the commissure, to the lateral grey substance, where it divides into 
numerous branches. In the middle of the cervical enlargement, the circumscribed 
cylinder of the posterior vesicular column has entirely disappeared, but the whole inner 
half of the cervix comu is filled with colls, and contains a somewhat dark and imper¬ 
fectly-defined mass, which is traversed by the fibres of the transverse commissure and 
interlaced by the posterior roots. In the Ox many of these cells are very much branched, 
and send out their processes in all directions: some are fusiform in various degrees; 
others are apparently riband-shaped, and sometimes not much broader than the processes 
into which they gradually taper. 

In the upper part of the cervical region, near the origin of the third pair of nerves* 
a darker and more defined mass (M, fig. 12, Plate XXV.) reappears at the base of the 
cervix cornu- It is composed of cells both large and small, and of bundles of the 
posterior roots which interlace amongst them. This mass is not distinctly circum¬ 
scribed like that of the posterior vesicular column in the dorsal region, but is some¬ 
what triangular, with one of its angles directed towards the point of the posterior cornu, 
another towards the transverse commissure, and the third obliquely forwards and out- 
vrards towards ;the antero-lateral column. It gradually diminishes upwards, and disap¬ 
pears near the first pair of nerves, 

Th Q tmctud infom6d4o*UstertHis is larger at the purport than in the middle of the 
dorsal region! / On the one hand it projects further into the lateral column, and on the 
other tapers inwards across the grey snbstance to neat the front of the vcsiftrfav cylinder 

V, . I 1 ' J * 
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(see F, Plate XX. fig. 4; Plate XXI. fig. 3). Transversely its outermost or marginal vesicles 
lie, for the most part, with their longer axes and processes in an anteroposterior direc¬ 
tion, as in fig. 2, Plate XX.; while those more internal are elongated in the direction of* 
the transverse commissure, with the fibres of which, os already stated, their processes 
arc continuous. As it ascends, howover, through the cervical enlargement, it gradually 
disappears; but, as in the dorsal region, the lateral portion of the grey substance is still 
traversed, from behind forwards, by numerous fibres apparently in connexion with 
branched and with very elongated cells of all sizes, amongst which are scattered a lew 
that resemble those of the tradms intemedio-hitcralis. Through this lateral portion of 
the grey substance the lowest roots of the sjrinal-accessory nerve bend forwards to the cells 
of the anterior coma. 

In the region of the upper cervical ner\ es, there reappears a vesicular tract in the same 
position as the tractus interntedio-latcraUs, and composed of the same kind of cells, 
which arc elongated in a lateral direction and send their processes, on the one hand, 
outwards through the lateral column, and on the other, inwards to join the fibres of the 
transverse commissure behind the central canal (see F, fig. 11, Plate XXI.; and fig. 12, 
Plate XXV.). It is traversed by the roots of the spinal-accessory none (?*) as they bond 
forwards on their way to the anterior cornu. 

In descending the cord from the dorsal to the lumbar region, the posterior grey sub¬ 
stance undergoes a series of changes nearly similar to those which are observed in ascend* 
ing to the cervical enlargement. The posterior cornua become gradually more separate, 
or tluown aside from each other, in a direction obliquely backwards. At the upper 
part of the Iwbar enlargement, the posterior vesicular columns are decidedly larger 
than in any other region of the cord (M, fig. 18, Plate XXI.). In a transverse section 
each presents the appearance of a dark oval mass, lying along the whole inner half of 
the cervix cornu, the border of which it renders convex against the deep strata of the 
posterior column. Its larger cells are more numerous than in the dorsal region, lliey 
do not form in the centre of the column a circumscribed group, but lie scattered irregu¬ 
larly through the whole inner half of the cervix, which their processes traverse in differ¬ 
ent directions and envelope in different planes. Many of the oval variety are elongated 
iu the direction of the cornu, and their processes are continuous, on the one hand, with 
_ the transverse commissure, and on the other, with the posterior roots of the nerves. 
Some, Stretch along the convex border of the cervix; and sometimes a crescentic or trian¬ 
gular c6U, in the some situation, sends one of its processes through the posterior column 
with a bundle of radiating fibres. Part, of the fibres of the transverse commissure run 
out in front of the xnass, as already stated, in company with processes or fibres which 
proceed from its inner side; of these^sojne are Continuous with the cells of the trariu* 
infiermediO'lateraliS) while ethers escape through tire lateral column, 

*;The- trd&tus intermediodateralu is prominent at the .border of the grey substance, 
the anterior and posterior cornua, but its cells are not so numerous as in the 
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Through the remaining half of the lumbar enlargement, the postmor vesicular columns 
are gradually less encircled and enveloped by the processes of their cells, which also 
diminish in number, but are still traversed by the divergent fibres of the transverse com¬ 
missure and by a plexus of the posterior roots which sweep round on their outer sides. 
In the Ox two or more of these cells are often very large and wonderfully branched 
into six or seven processes, which radiate in all directions. I think there can be no 
reason to doubt that they form a pari; of the posterior vesicular column which has just 


been traced from above. 

In descending through the lower portion of the lumbar enlargement, the bonier of the 
grey substance between the posterior cornua is gradually drawn backwards, so that in 
the same proportion the space behind the canal, containing the transverse conuuissuio, 
becomes deeper (compare fig. 15, Plate XXI., with figs. 16 & 17, Plate XXIII.). Some 
of the posterior roots of the nerves cross the cornu from without inwards to the side of 
the anterior commissure, and a large number converge to form the postmor commissure 
behind the canal. From the inner side of the caput cornu several large bundles sweep 
round through the cervix, where they interlace with the others and separate in different 
directions. Some of them descend to the anterior grey substance; others curve inwards 


to the side of the canal; and amongst the plexus which they form with the transverse 
com mis sure are a few scattered cells, which may be regarded, I think, as the remains 


of the posterior vesicular column. These cells are scattered in front as far as the border 
of a peculiar group which, near the level of the second pair of sacral nerves, begins to 
make its appearance on each side and a little behind the spinal canal. Phis group was 
first pointed out by myself in 1851, and considered as the commencement of the poste¬ 
rior vesicular column. I think, however, that Stillinw is right in considering it as 


a dis tinc t group, although it is reached by the posterior roots; hut, as I shall pre¬ 
sently show, j its connexions with the anterior roots are more direct and intimate than 
in the case of the posterior vesicular column. It is more or less round or oval, but not 
entirely isolated from the surrounding cells, nor circumscribed by fibres. It increases 
in size through the level of the second pair of sacral nerves, below which it gradually 
disappears. The cells axe oval, fusiform, iiregulax in shape, or stellate, and all of the 
larger kind. Some of their processes cross over to the opposite side behind the canal; 
others run out towards the lateral column;' some join the anterior and posterior roots, 


and others form a system of longitudinal fibres, the cut extremities of which, in a trans¬ 
verse section, arc seen scattered amongst the group, The oval and fusiform cells are in 
part elongated transversely towards the anterior roots, but chiefly in a lateral direction, 
•and a continuous layer or tract of these elongated cells may be frequently seen to extend 
from the outer side of the group to near the border, of the grey substance, in company 
or in connexion with fibres which proceed in the same direction, and escape through the 
lateral column. But the principal pcii't of the group is most intimately connected with 
the anterior roots, of the nerves; for a large number of these roots, frequently side by 
ride, run directly backwards to" reach it, through F the huddle and inner part of the 
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comn: some of them are seen to be continuous with the cells, especially with those 
which are elongated towards them; others wind about them in a series of curves, which, 
like the processes themselves, are frequently divided in a transverse section *- 
In the spinal cord of Man, the form of the grey substance differs in some respects from 
that of Mammalia. Throughout the whole of the dorsal region, the posterior cornua 
stand completely apart, and are joined only at their bases by a narrow transverse com¬ 
missure. Fig. 5, Plate XXI. represents a transverse section of the entire grey substance 
about the middle of this region. Eacli posterior vesicular column (M) occupies nearly 
the whole inner half of the cervix cornu. It is more or loss oval, and, in structure and 


appearance, closely resembles that of Mammalia in the upper parts of the lumbar enlarge¬ 
ment. Its large cells are more numerous than in the dorsal region of Mammalia. They 
are not accumulated near the centre, but scattered at unequal intervals to the very border 
of the cervix, from which some of their processes run out with blood-vessels and fibres 
to the posterior white column. Most of the oval variety are elongated in the direction 
of the cornu, and are continuous by their processes with the transverse commissure, on 
the one hand, and on the other, with the posterior roots of the nenos, which also 
interlace through the mass and swoop round on its outer side. 

Towards the upper end of the dorsal region the dark oval mosses diminish in size, os 
nmy be seen in fig, 6, Plate XXI. They are frequently divided or broken into smaller 
portions by bundles of tko posterior roots in their course to the transverse commissure, 
and in connexion with some p£ their cells. In ascending through the cervical enlarge¬ 
ment they continue to decrease, and at length disappear.; but. the spaces which they 
occupied along the inner halves of tho cornua are still interspersed with a multitude of 
cells and traversed by the posterior roots, which also sweep round as usual, on their 
outer sides, in bundles of considerable thickness (see figs. 8 & 9, Plate XXI.). The 
cells, however, are very much smaller than in the dorsal region; the majority are 
scarcely larger than those in the middle of the gelatinous substance; but a few of 
superior, size arc .unequally scattered amongst them. Many are oval, round, and fusi¬ 
form, especially in the direction of the fibres; others, particularly the larger kind, and 
nearer the centre of the cervix, are triangular or irregular in shape, and send out their 
processes on all sides. 

Above the * cervical enlargement, the dark masses present nearly the same appearance 
agin Mam malia ; but they are rather paler, and the cells they contain are of smaller size. 

The trctttwi Mtermdio*teferali8 y also, in Man, closely resembles that of Mammalia, 
and contains cells of the same kind, but rather smaller (figs. 51 & 62, Hate XXII.). 
Tu the upper part 6f the cervical region, a similar but somewhat larger tract reappears in 
the same situation, and projects In the same way into the lateral column (see fig. II, 
PJ, XXIF). It increases in ascending to the third pair of nerves (fig. 12, Plate XXV. F), 
wlrerc the form of the entire grey substance- presents a very striking resemblance to 

groups of cells in the Iwrtm cord, sad I have not found them in the 
supply tho nerves of the tail. 
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that in tire upper part of the dorsal region (compare with fig. 6, Piute XXI.). This 
tract is traversed by several roots of the spinal-accessory nerve, in their course forwards to 
the anterior cornu, and contributes, with the edge of the posterior cornu, to form, a beautiful 
ifetwork (N, N, N) in the lateral column, through which the nerve enters. Its cells are 
triangular, oval, and fusiform in different directions: some of them are elongated in the 
direction of the transverse commissure and towards the front of the posterior vesicular 
column; others extend outwards with radiating fibres through fissures of the lateral 
column. There is reason, therefore, to believe that this tract forms a part of the tractns 
intermedio-lateraUs. In the Sheep and Ox, and probably in till Mammalia, a peculiar 
group of cells, which is traversed by the roots of the spinal-accessory none, is found in 
the same situation; and this group, hi ascending the medulla oblongata, retires inwards 
to the space behind tire canal, and there contributes to form the nucleus which gives 
origin to the highest roots of the nerve. It has also been seen that the cells of the tractm 
inter medic-later alls are elongated with their processes in a longitudinal direction, and 
reached by both the posterior and anterior roots of the spinal nerves, and perhaps by 
tire spinal-accessory ; that the latter nerve extends forwards to the cells of the anterior 
romu, which also send some of their processes longitudinally, and are reached by the 
posterior. roots. Moreover, I have in another memoir shown that, while one portion of the 
upper roots of the spinal-accessory nerve and one portion of the vagus roots proceed 
i inwards to their respective nuclei behind the caned, other portions of both bend forwards 
to the vesicular nrtworh into which the anterior cornu has become resolved*. Again, I have 
tdiown, in the same memoir, that some of the roots of the trifadal nerve descend longi¬ 
tudinally through the caput cornu, botween the transverse roots of the vagus ; in which 
course they are probably brought into connexion with the respiratory centres, and perhaps 
also, like the vagus, with the anterior grey substance of the medulla. These extensive 
and intimate connexions seem to afford an explanation of the mechanism by which 
impressions made' oh the yogus and on the incident fibres of the trifacial and spinal nerves, 
may call into action die whole class of respiratory muscles; and if the tract which I have 
just described in the upper part of the cervical region bo continuous, us it probably is, 
with the tractus intmnedio-lateralis, which is reached by die dorsal nerves supplying the 
intercostal and other respiratory muscles of the trunk, the explanation in question will 
be still more completcf. 

I shall now briefly trace die posterior vesicular columns of the human cord from the 
dorsal region downwards. At the upper part of the lumbar region, as in Mammalia, they 
are larger than in any other portion of the cord (see fig. 13, M, Plate XXI.). They have 
the same form and dark appearance as in the dorsal region, but contain more large cells. 
As they descend, however, the dark masses diminish, and are- frequently broken into 

* “ , - • , ■ 

* toe tlie author’* « Medulla Oblongata; 1 Phil Trans. Part X 1868, pp.2$2,258, figs. 10 and 80. 

f Both in this communication and that on the Medulla Oblongata,;! have abstained froOr drawing any 
physiological conclusions, except on this one occasion,~ \rhcre so many iftfft/rmt feets required to 1 be brought 
together while fresh in the toembry'of the 4 rwder.' m ' 
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\mrts; their larger cells, also, are gradually reduced in number, but others of a smaller kind 
arc scattered through the spaces which they occupied. In the middle of this region, the 
lumbar (fig. 15, Plate XXI. M), there is still, near the centre of the cervix cornu, a some¬ 
what dark and irregular mass, which in a moderately thin section may be very distinctly 
seen oven with the naked eye. Each of these masses is interlaced and suTiotmdcd, a** 
usual, on its outer side by bundles of the posterior roots, and traversed by the transverse 
commissure. They present no traces of the large, strongly-marked cells which me found 
higher up, but, when examined under a sufficiently high magnifying f>owor, they arc seen 
to be interspersed and surrounded by cells of a smaller and more delicate kind, like those 
contained in the corresponding part of the cervical region. In descending through the 
eomis medullaris, the posterior cornua, by the retreat of the bolder between them, be¬ 
come gradually shortened and approach each other towards the middle line, so that the 
grey substance on the inner side of each cervix is brought nearer the central canal (com¬ 
pare figs. 16 & 17, Plate XXIII. M). This grey substance, which, I think, must be con¬ 
sidered as the remains of the posterior vesicular column, is still interspersed with a 
multitude of small and delicate cells, which lie amongst the fibres of the transverse com¬ 
missure und posterior roots of the nerves. But there is scarcely any trace of the peculiar 
group which is found in Mammalia on each side, and a little behind, the canal. Some¬ 
times, however, two or three cells rather larger than the rest may bo seen at this spot 
in connexion with a few fibres of the anterior roots, but they aro not distinguishable os 
a separate group. 

In my first description of the posterior vesicular columns, it was stated that in the 
Calf they commence small at the lower extremity of the cord, increase in size in lumbar 
and cervical enlargements, and terminate at the upper part in the medulla oblongata. 
This statement, though in many respects true,' must be modified by the descriptions 
above given. It is true that they are actually largest, and contain the greatest number 
of large cells in the lumbar region, but only at its upper port; it is also true that both 
in the Calf and Sheep the large cells scattered through the inner half of the cervix 
cornu aro at least as numerous in the lower part of the cervical enlargement as in the 
dorsal region. SimiNG, however, while agreeing in the main with my first description of 
these columns end of their connexion with the posterior roots, demos thoir existence at 
the upper part of the cervical enlargement; for he does not consider the cells scattered 
through the inner half of the cervix cornu as part of the vesicular columns; and in the 
two lower thirds of the- ltimbar enlargement, ho denies the existence of cells altogether: 
under low powers of the ttti^pscopeihey are certainly not visible*. 

* Ju dimming the causes which hive led to this difference of opinion between himself sud me, he adopts 
n very singular kind of Argument. 1. He assume* that I made the sections thicker at one part of the cord 
than at another.' 2. He assumes that I sgpsmS cells, lying at different depths, into one layer, in eonse-, 
ijueuce of the necessary pressure resulting from the employment of Canada balsam and thin covering glass. * 
4 bjjf^Wbioh J always use is fluid} everyone.covers his preparations with thin gloss; Wdif, 

®j^plipS^ttops ore already too transparent, there is no need of pressure. 
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I was desirous to know whether the posterior vesicular col umn s arc present in the 
spinal cord of the lower Vertebrata. I found that in Birds, as in the larger Mammalia, 
the posterior cornua, near the middle of the dorsal region, are united along their inner 
borders, and form but a single mass, around which the gelatinous substance extends 
without interruption. Each on its outer side, where the caput cornu joins the cervix, 
is very much constricted, but again dilates as it extends forwards to be continuous with 
the anterior cornu, so that the entire grey substance has nearly the form of an hour-glass 
or goblet (see fig. 32, Plate XX III.). Numerous cells of various shapes and of moderate 
size are scattered on each side and behind the canal, and are traversed by the posterior 
roots proceeding .through the constriction; but there are no dark masses at all corre¬ 
sponding to those of the posterior vesicular columns. In receding from the dorsal region, 
both upwards and downwards, the posterior cornua gradually separate, and the anterior 
cornua become enlarged. In Mammalia, and especially in Man, it has been seen that, 
through the middle of the cervical and lumbar enlargements, the cells on the inner side 
of the cervix cornu are reduced in size. In Birds, on the contrary, they are much 
larger than in any other region. This is particularly the case in the lumbar enlarge¬ 
ment, especially near its middle, where they form a distinct group, which is traversed 
and surrounded by the posterior roots of the nerves (see M, figs. 84, 36, and SO, 
Plate XXIII.). They are mostly oval and round, with largo nuclei, and send out 
their processes in different directions. In the corresponding part of the cervical region 
the larger cells are less numerous, but are mingled with others of a smaller kind. 

In Reptiles, it is only in the conus medullaris that the posterior cornua arc united into 
a s ing le mass. In a transverse section they present no dark masses resembling those of 
the posterior vesicular columns, but only a few cells, of various shapes, at their bases. 
A distinct stratum, however, of small fusiform cells, in connexion with the fibres of 
the posterior roots of the nerves, 'extends diagonally from the point of each cornu to 
the posterior commissure, which is also interspersed with numerous nuclei, like those 
of the epithelium which lines the canal. In the cervical and lumbar enlargement, the 
cells, as well as the stratum which they form, are larger than in the dorsal region. 
(See figs. 44 & 46, Plate XXV.). ' 

On the Grey Substance of the Mlwn Tetmi/nale* 

In the conus meMlaris of the human cord, as soon as the posterior cornua have 
united at their inner sides in a single mass (fig. 19, Plate XXIII.), the gelafo/nous sub¬ 
stance (g) becomes continuous from side to side in a curve with its concavity backwards, 
in which the posterior columns (A) are included *; but, as it descends through the/to 

, 4 1 

♦ The continuity of the gelatinous substance across the middle lino was asserted in iny fo*t communica¬ 
tion, and has since been found in birds by Marsian, * Do Medulla spinalis Arinm 'Tefctura,' 14 (1856). 
flm rr.T.rx rflj however, in his late work, denies the foot, and maintams ** that the middle portion is grey, and not 
galatinow, fmbatanoe^C'daB Mittelstack ifitgraue Substans, undmicht gelatm3se and adds that my 
method of preparation rendered these two fob fraw®sf^ *0 perceive any difference between 

MDOOOLIX. • . "' ' ' B;o ; ’ / - + ' 
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terminal*, it rises to the surface in the middle line and extends directly across (set; fig, 20, 
Plate XXIII.); meauwhile the posterior columns (A, A) become gradually shallower and 
at length disappear, except at the sides, so that the gelatinous substance behind is covered 
only by the pia mater (m) of the cord, with which it is immediately connected. . The deep 
posterior strata of the lateral columns obliterate it at the sides, by encroaching in bundles 
on tho grey substance which forms a continuous network around them. Still lower down 
(see fig. 21, Plate XXIII.) the canal is prolonged backwards as far as tho gelatiuous sub¬ 
stance, and dilates in a lateral direction behind the dark bundles (D)» which in tho pie- 
ceding sections occupied the interior of each caput cornu. (See explanation of Plates.) 

In Mammalia a scries of nearly similar changes may be observed, except that tho 
posterior columns arc not interrupted in the middle lino. 

Pig. 22, Plate XXIV. represents a transverse section of the conus meilullarU of the 
Ox, near the third pair of coccygeal nerves, magnified GO diameters. Multitudes of fibres 
arc observed to radiate from tlic grey substance and form a beautiful network through 
the white columns. From tho extremities of the anterior cornua considerable offsets of 
the grey substance are prolonged through the anterior columns, rejoining each other 
around masses of longitudinal fibres, and reaching the surface to he continuous with the 
layer of connective tissue. Amongst those offsets, and even in the masses of longitudinal 
fibres, several large colls are scattered very nearly to tho surface of the cord; some of 


their processes appear to reach tho connective tissue at the surface. 

Through the lower part of tho conus medullary the canal continues to enlarge. It 
nearly reaches the anterior fissure, and extends backwards to the gelatinous substance, in 
front of which it dilates in a lateral direction (see fig, 28, Plate XXIV,). The grey sub¬ 
stance, as it descends through the conus, gradually decreases in quantity, and is encroached 
upon more and more by the antero-lateral columns, around the bundles of which it 
radiates outwards as a network. Numerous small oval and fusiform coIIh, with one or 
two others of superior size, are scattered through it. The filum tcrminalc, in its natural 
state, appears to be a nearly cylindrical tubule, but, when hardened in spirit or chromic 
acid, is more or less flattened at the sides, so that the canal becomes compressed and 
sometimes completely collapsed (see figs. 24 & 26, Plate XXIV.). Tho grey substance is 
at length reduced to a more border or fringe (fig. 25), from tho edges of which a series 
of tapering processes (a, a) extend through the white substance to tho pia mater at the 
surifcce. The larger kind of cells have entirely disappeared, but a number of small 
fusiform cells, 5 ox’ nuclei, resembling those of the connective, tissue, are observed in con¬ 
tinuity with fibres' Which run along if and form arches from one process of the grey 
substance to another, ag they pay out to the white, columns. 


y 


. them (“ Owaius'S Preparatious-methode zeigte ihm star beide Substaaaen zu boll, als das* er emeu Uutor- 
;icbwd fc&tto flndea ktJnnon ”) j but, if, he hadtaken the trouble to read the explanation of the figure in 
' wotid haye sejm that it wm drawn from a section of the conus raedulldria, treated only ty 

, continuity of the. gelatinous' substance is so apparent at this part, bothla>,fresb state 
\ ^h^hroatio atid, that SiiLLiirti e denial of the fact seem* to me hnaodojintahle* 
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Of the Epithelium of the Central Canal. 

In the Ox, the epithelium which lines the central canal consists not only of columnar 
or cylindrical c ells' —as I first described them*, and as they have since been described 
by other observers—but also of colls which are more or less fusiform. Fig. 63, Plate 
XXII. (a) is an exact representation of some of their forms, magnified 400 diameters. 
In the columnar variety (the first three on the left of a) the nucleus is large, sometimes 
spheroidal, but generally oval, and contains apparently from two to five large, brilliant, 
globular granules or nucleoli, which powerfully refract the light. Between this and the 
verge of the canal the free ciliated end of the cell is broad and short like the end of a 
cylindrical brush, and appears to be made up of granular fibres; but in the fusiform 
"epithelium (the four on the right of a), the corresponding free portion consists only of 
a long and narrow kind of stalk extending from the tapering end of the cell, which 
latter in this case is similar to what forms the nucleus of the columnar variety, and 
contains several brilliant granules, which are frequently arranged in a row. Between 
these two kinds of epithelium there are different grades of transition. They are all 
beautifully packed in close apposition, so that the convexity of each is applied to the 
concavity of those which surround it, and by reason of its peculiar shape, it exactly 
occupies the intervening space (see fig. 63 b, Plate XXII.). In the human spinal cord, 
the canal is often completely filled up by what would appear to be the debris of the epi¬ 
thelium ; for nothing is to be seen but a confused heap of nuclei, which are here mostly 
large and round: but sometimes in the midst of this heap there remains a small open¬ 
ing or canal, which, strange to say, is still lined or surrounded at its margin by tbo usual 
regular layer of columnar cells; and what is still more curious, I occasionally find, par¬ 
ticularly in the cervical region, two such secondary canals, each lined in the ordinary way 
(seefig. 55, Plate XXIL). 

The cilia of this epithelium are much coarser and less numerous than those in the 
larynx and trachea (fig, 68 b), In the conus medullaris they may be very well seen 
around the entire circumference of the canal, but in other regions of the cord they are 
very sparingly found. If this be the result of accident m manipulation, it is difficult to 
say why they are always preserved in the one place’ and not in the others. 

The light-coloured space immediately surrounding the canal is interspersed with nuclei 
or awia.ll cells/ ' Some of these are round or oval, finely granular, and exactly resemble 
those in the connective tissue of the white columns (see fig. 46, Plate XXII. c) ; others 
are similar to the nuclei s of the epithelium, and have the same kind of large brilliant 
granules, or nucleoli, but are themselves rather smaller. These latter nuclei, whieh are * 
frequently elongated in different directions, are connected with the processes of the epi¬ 
thelium (see fig. 63, Plate XXIL 6), and also with the fine fibres Which surround the 
canal, and which, are precisely Similar to the fibres of connective tissue at the circum¬ 
ference of the cord f. ■ They are not, however, confined to, the neighbourhood of the 

- r I ~’’ j . - j - i. * ^ , 

* Philosophical Trarumctiona, 1881, p.Uli. - " ' ■» 

f In 1861,1 described thd li^b^ooloured hpawdi^y BUr^imding tlie ; canal, as composed of filar 
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canal, for they may be found in different parts of the grey substance, and in the posterior 
fissure. The only difference between them and the nuclei found in the white columns 
m&pia mater , is, that in the latter cases the granules or nucleoli are smaller, but in the 
Tortoise I have found that nuclei which, in every minute particular, exactly resemble 
those of the epithelium, may be traced continuously from the edge ol the canal through 
the whole of the grey substance and the white columns of the cord*. Indeed, the spinal 
canal appears only to be the part where they arc more thickly accumulated in layers; and 
even there they are not enclosed in cells, but arc connected only by a variable number 
of fibres with the verge of the canal (sec fig. 64, Plate XXII. G, and explanation oi 
Plate). There is good reason, then, for believing that both the epithelium and the small 
cells or nuclei by which it is surrounded, arc allied to the connective tissue. 

The outer ends of the epithelial cells taper into delicate fibres, of which those pro- 
cee din g from the columnar variety arc the thickest (fig. 63, Plato XXII.). These fibres 
radiate in all directions, and either run side by side, or cross each other in various ways 
and subdivide to join in an intricate network. Per a considerable distance around the 
canal they may bo frequently seen, os already stated, to be continuous with the small 
cells or nuclei above described. Some of them run directly backwards across the poste¬ 
rior commissure and along the posterior median fissure* some extend forwards across 
the anterior commissure to the inner edges of the anterior columns, and may be traced 
in part to blood-vessels and pia mater contained in the median sulcus; while others run 
off in a lateral direction and are lost in the grey substance. In the fihm terminate, 
where this substance, as already remarked* is reduoed to a narrow fringe (figs. 24 & 26, 
Plate XXIV.), their actual destination may often be very satisfoctorily traced by means 
of my method of preparation. Here they may be soon, sometimes at right angles, and 
sometimes more obliquely to the axis of the cord, to pass through the grey substance and 
then through the white columns to join the connective tissuo, every part of which is 
interspersed with nuclei like those in continuity with the fibres in the central fringe, 
which here evidently consists of the same kind of tissuo as the light-coloured spaoe 
surrounding the canal in other regions of the cord. 

Hannover regards the cells which line the cerebral ventricles as true mrue^lh, and 
Bxdwhb takes the same view of those round the spinal canal; while Stilling considers 
thera as epithelium, but, nevertheless, believes that the fibres which they give off form 
demkitary parts of the primitive nerve -fibres and w^rw-colls, with both of which, 
according; ta him, they are directly continuous, He professes to have seen the peri¬ 
pheral ends oftwo ej^thfiJiabcells unite with each other after a shorter or longer course, 
ondthen enter a nerpe»ceiU ; dr,the process, of a fterv^ll divides into two or three 
' branches, which, end in two; or three epitheUum-celbf. - By the most carefUl examine- 

tae&tQUB or ooiajeQljive-tissue, iUiOpjWtioato Bttjaatre,' who considered it to consist of grey itarv<*0ret, 
[ sxd called it the circular wtmisswe t b)it now calls It the u substantia gelatinosa centralis” (see Hifom* 

p. SIMW). / ' ‘ . . V 1 , ' 

riagifChlL , „ ‘ , ... 

' * peripheriicheu Baden sweier IlpithriialcyHiider in Mrserir oder l^jeTer 
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tion of some hundreds of preparations, I have never been able to perceive that the 
epithelial-processes are connected with any other than the small cells or nuclei which I 
have already described. I have sometimes seen the process of a large nerve- cell extend 
close up to the epithelium, but I have generally succeeded in tracing it round the 
canal to the opposite aide of the cord*. If the processes of the epithelial-cells were 
directly continuous with, and formed elementary parts of, Twoc-cells and w#w-fibres, 
we might reasonably expect to find the number of the former always in proportion to 
that of the latter; but the very reverse is the case; for, as we have just seen, in the 
film terminals , where both nerve- cells and wow-fibres have entirely disappeared , the 
canal is much larger , and the epithelial-cells are consequently much more numerous than 
in any other region; while, os I have already shown, their processes may be traced 
through the surrounding white substance as far as the surface of the cord. 

I have nothing to add to the description which I formerly gave of the anterior roots 
of the spinal nerves, except that in the conus medullaris I constantly find that some of 
the fibres of these roots terminate in loops round the group of cells in the anterior cornu; 
but whether they be really wow-fibres I have not quite satisfied myself. Sometimes 
they form loops between two different bundles of roots, and sometimes a fibre from one 
b undl e returns in a loop to the inner or outer side of the anterior column. But in the 
same region of the cord I have seen the processes of the nerve-cells extend so frequently 
into the anterior roots, that there can be no doubt that some of the latter arise from 
themf. In the cervical and lumbar regions of the Tortoise, but especially in the lumbar 
enlargement, the course and connexions of the processes proceeding from the cells of 
the anterior cornua ore extremely interesting. Fig. 44, Plate XXV. represents a trans¬ 
verse section of one lateral half of the grey substance, through the middle of the lumbar 
enlargement From the whole of its lateral border numerous large bundles of fibres 
proceed outwards and form with each other a beautiful network between fasciculi of 
the antero-lateral column. Some of these fibres converge from the central ports of the 
grey subs tan ce; the rest proceed from the roots of the nerves, and from the cells of hoth 
the posterior and anterior cornua, but particularly from the latter* The large cells of 
each anterior cornu form a considerable group; they are angular^ sigmoid, crescentic 
and fusiform, and elongated to an extraordinary degree in a direction obliquely back¬ 
wards. The processes from their anterior extremities are continuous with the anterior 

* 

Eatfernung vom Mittelstaok mit einander versohmeizen, mid in eine Nervenzolle iibergeben, reap., den 
Fortsatz erner Nervenzelle Bich. diohotomisch oft trichotomisch theilen mid in zwei odor drei Epithehal- 
cylindem endigen.” “ Es isfc mir abet aehr wahrscbeinlicb, class diese Auslanfer oder peripheriechen Enden 
defr E pithelialgprTlmi ala Elenieiifcarrdrcben der befcreffenden Priraitivnervenfaaer oder Nervenzelle, in wolche 
sis eintreten, besfcebffli.”—Neue Untersuchungen, Erste Lieforung, p. 11 (1867);, r 

* In the -coccygeal region of the cord, processes from the nerve-cells m the. anterior cornu may he very 
distinctly seen‘to cross bothinj^*ofw{and behind tKocanal to the o^pori&skle. ' - , 

f I never, as Sohb&dto vrir dbb Kojcx, asserts, denied the connexion nerve-fibres irith processes of 
cells, hut simply maintained' that the oceatfonaj extension of these processes into nerve-roots was not a 
sufficient proof of such a connexion; he. distributed to blood-vessels* 


r 
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roots of the nerves, or escape through the anterior columns; while those from their 
posterior ends extend backwards to different distances, and form a continuous stratum 
of fibres along the lateral margin of the grey substance: some of them join the fibres 
which radiate from the centre, and contribute in succession to form the bundles which 
escape as a network through the antero-latcral column; others extend as far as the 
posterior cornu, and seem to be continuous with the posterior roots which escape 
through the postero-lateral fissure. The rest of the posterior roots partly descend towards 
the centre of the anterior cornu, and partly cross the posterior cornu diagonally in 
connexion with a chain of cells, to be continuous with the transverse commissure. In 
the cervical enlargement (fig. 45), the cells of the anterior cornu arc more numerous 
and more diversified in shape; some of them send processes towards the anterior com¬ 
missure, but a great number have no apparent connexion with it. 

In my first communication on the spinal cor<h 1 stated that the posterior roots of the 
spinal nerves arc attached exclusively to the posterior white columns. I have since 
found that the same assertion was made by Rolando : ho says, “ tutti i fili nervosi delle 
vadici posteriori so staccano esdusivamente dui cordoni posteriori del gran funicolo spi- 
nale; cib die pu6 essere comprovalo in vario o differenti mnnicro*.” Stilling denies 
the fact, and maintains that in the lumbar region a few fibres traverse the posterior part 
of the antero-latoral column. I have again carefully gone over the ground, in the cord 
both of Man and different animals, and find that my statement is correct. Stilling has 
probably confounded nerve-fibres with the blood-vessels which traverse the posterior port 
of the antero-latcral column much in the way that he represents. 


APPENDIX 


[Added during the planting of tho Paper.] 

, Convinced of the superiority and value, in many respects, of my method of anatomical 
research* I will here describe it more fully, together with the modifications which I 
have lately introduced in some stages of tho process, and the precautions necessary to 
.be observed in order to onsure success. 

The structure or part intended for examination should be as fresh as possible, and 
cut into .portions as. small as is compatible with tho end in view. These portions I 
formerly hardened b^;means of a mixture of one part of spirit of wine and three parts of 
water, which at the end of • twenty-four houm ^ras replaced by a fresh mixture of equal 
parts of spirit and water, and this again after the same'interval was replaced by pure 
spirit, which ought to be renewed every five or six days.. At the end of ten to fourteen 
days the medulla is sufficiently Hard for making sections, which arc then subjected to 
the following process for the purpose of inducing transparency. Tho sections are first 
in fc mixture of one part of strong acetic add, and four, five, or six of spirit* for a 

. * On, oit, d , 82 . ‘ J < ,J . 
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period varying from two or three to ten minutes, according to their thickness. I hey are 
then washed in pure spirit, after which, if thin, they are floated on the surface of spirit 
of turpentine, where they remain until they are quite, or nearly transparent, when they 
are removed to glass slides on which a little Canada balsam has been previously dropped. 
If now examined under the microscope, they frequently show but little or no traces of 
cells or fibres,—a circumstance which seems to have at first caused Sounder van djsr 
Kolk and some others to abandon the method; but if the sections be set aside for some 
time and treated occasionally with a little turpentine and Canada balsam, the cells and 
fibres reappear and present a beautiful appearance. Before they arc finally covered with 
thin glass, they should be examined at intervals by the microscope. If the sections be 
thick ,, I find it best to place them in a shallow vessel, the bottom of which is kept simply 
wet with turpentine, which can therefore ascend from below while the spirit evaporates 
from their upper surfaces; for the principle of the method is this,—to replace the spirit 
by turpentine, and this by Canada balsam without drying the sections. The method at 
first presents some difficulties, and practice is necessary to ensure complete success. 
Experience, also, will suggest, according to circumstances, many little deviations from 
the exact rulos here given, which to a certain extent must be considered as general. 

For the last three years I have used chromic acid instead of spirit in the process ot 
hardening. This is one of the modifications mentioned in my memoir “ On the Medulla 
Oblongata”*. The medulla of Man and the higher Mammalia is steeped in a solution 
of one part of crystallized chromic acid in 200 ports of water, for two or three weeks, 
and then kept in a solution of about one part of bichromate of potash in 100 or 200 
parts of water f. Spirit is used to wet the knife in making the sections, which are first 
placed in spirit for a few minutes, and then (with or without the previous use of acetic 
add) transferred to the turpentine and Canada balsam, as before* 

LenhossjSk, GERliAOH, and quite recently SchrOdke van deb Kolk, have adopted this 
method of rendering sections transparent LenhossAx uses spirit for hardening the 
medulla, with some slight modification in other stages of the process* An entire series 
of very beautiful preparations of the cord and medulla oblongata have been purchased 
of him by the Royal College of Surgeons of London. Gjsbuoh uses bichromate of 
potash in the process of hardening; then acetic add, spirit, and Canada balsam J, He 
does not mention turpentine; but if this be dispensed with, the Canada balsam must be 
very thin 3 and the section must be placed on its surface to allow of the evaporation of 
the spirit, which will not mix with the balsam, but in contact with it becomes turbid 
and opake. 

,In tus Essay on the Spinal Cord published in 1854, Schr&der van dee Kolk say$ that 
my '(second) method, “which appears to have been extremely successful,” did not sue- 

* 1857.. Philosophical Transactions for 1858, Part I. - 

t For the Rodentia, Birds, Jteptiles, and Fishes, it is necessary to use the solution, much weaker*—about 
one part to 600 of water, and gradually increase the strength at the end of a week,,, - 
% MSkroskopische Studfin, p. SI,Krlang^n. ^ ^ ' * ' 
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ceed with him; “ the preparation became only partially dear, and the ganglionic cells, 
from which the fat seemed to be removed, were rendered indistinct*.” It is perfectly 
clear that he had not sufficient practice in the process. He says again, in speaking of 
LuNHOSSfiK, “ he follows Clarke’s method with turpentine, which, according to my expe¬ 
rience, c ann ot lead to correct results, as the spinal marrow is too much altered by that 
agentf.” After criticising every other method, he describes his own, which consists in 
the use of concentrated chloride of calcium, and which, according to his experience, 
“ deserves to be preferred to all the others.” But now we find that he has abandoned 
it, and adopted my method in conjunction with the colouring process recommended by 
Gerlaoh; for in a supplementary paragraph to the English translation which has just 
been issued by the Sydenham Society (1869), he states that after some trials ho finds 
this mode of making preparations the most satisfactory, and in many respects still better 
than with chloride of calcium. The section, after having been coloured with solution 
of carmine and washed in spirit, is laid in a watch-glass and allowed to dry a little, 
after which, “ a couple of drops of spirit of turpentine arc added. If it is now left 
for twenty-four or forty-eight hours without a covering gloss, but protected from the 
dust, the spirit evaporates, and the object becomes perfectly clear. It is now covered 
with Canada balsam and a glassj/' Tho colouring with carmine is often very useful, 
but I think it rather interferes with the sharpness of the fibres. I have long used, occa¬ 
sionally, a colouring fluid known to pointers and wood-stainers by the name of arohel. 
When carmine m used, the solution should be* previously filtered, otlierwise a deposit or 
crust is apt to, form on,the object;, and for the same reason, the section, after having 
been coloured, should be washed in water before it is placed in the spirit, which readily 


precipitates the carmine. 

Stilling has given a full, hut somewhat inconsistent and incorrect criticism on my 
method. He concludes by saying, “While it is allowed that by the employment of 
Clarke’s method many truths indeed in reference to the minute structure of the spinal 
cord may be brought to light, and that Clarke’s labours must be said to be quite trust¬ 
worthy (recht anerkenneaswerthe), it must nevertheless be observed that the condition 
of certain textures, such as the elementary structure of the primitive nerve-fibres and 


the nerve-cells, are so altered by it, that this method in many respects must he con- 
rider edas an obstacle to the more exact kind of investigation 

. "!* although I am not so blindly prejudiced as to maintain that preparations mode 
by this method ore in every respect perfect, I do maintain that it produces but little 
alteration from the hftturEd appearance of the nerve-cells, and that almost the only 
structure that appears to suffer more than from chromic add alone is the white sub¬ 
stance of the nerve-fibre ; and;even this may be perfectly preserved if the medulla is 


.‘ placed first in a weak solution of chromic acid .and then in a solution which is much 
} stjrongdri - Eig; 1, Elate XIX. was drawn from a preparation made in this way; and of 

t » . V *** V I'.^ 1 , I. I "»■ _ 
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which it is as exact a copy as possible. But even the loss of the white substance would 
be of no consequence foi tracing the course of the nerve-fibres, the axis-cylinders of 
which in these preparations are rendered unusually strong and distinct. And if I wish 
to investigate the natural structure of the nerve-fibres and cells, I select a perfectly fresh 
and unaltered specimen from an animal just lolled (as I stated in my first communica¬ 
tion to the Royal Society, 1851); for I never think of trusting to any kind of prepara¬ 
tion, or even to chromic add, which Stilling uses, and which coagulates the contonts of 
the nerve-fibres and alters their appearance after a short maceration. Not that I reject 
other methods; for I find sections of the medulla, simply hardened in chromic acid, of 
great service, and use them largely, particularly for drawing figures under low powers, 
and sometimes for examination under higher powers, when I have been in some doubt 
as to the nature of the tissue. In fact, I employ whatever moans appeal’s most suitable 
for the occasion and most likely to lead me to the truth. But I still contend, that 
for clearness, sharpness of outline and fine definition under the higher powers,—-for tho 
advantage of obtaining thick sections of great transparency, and for the durability and 
unchangeableness of the preparations when properly made, I know of no method that 
will bear any comparison with this. To confirm this opinion in one respect, I may 
mention the fact, that although Stilling, in his recent work, has described and repre¬ 
sented the spiral structure of the fibres of the white colu mn s of the Calf under a power 
of 1100 diameters, he has failed to detect the nucleated colls and nuclei which are so 
beautifully seen by means of my method under a power of 850 diameters. 


Explanation op the Plates. 


Fig. 1, Plate XIX represents a transverse section of the caput cornu posteriori* and part 
of the cervix cornu, with a portion of the surrounding posterior and lateral 
white columns: from the middle of the cervical enlargement of tho Ox i 
drawn from a preparation magnified 60 diameters:—A, A, A, part of the poste¬ 
rior white'column; B, B, part of the lateral column; the small circles and 
dark spots represent the cut ends of longitudinal and oblique fibres. These 
columns are traversed by a beautiful network of blood-vessels and nerve-fibres 
radiating from all parts of the grey substance. At b, b (the peak of the 
cornu) may be seen extending outwards the processes of nerve-cells situated 
in the network between bundles of the white column. The darker portion 


of the caput cornu consists principally of numerous longitudinal and oblique 
■“ bundles of fibres, with blood-vessels, and of the posterior roots of the nerves, 
.with cells chiefly of the small and intermediate size; £h & UpMeP space behind 
and at the sides is the gelaUnm substance, studded with small cells, and 
having a stratum of large cells 1 and marginal nerve-fibies along its posterior 
border next the' posterior column, into which some of the processes, of the 
cells may be seen to ea&Ad' <^niu, containing some 

> ' A * ^ 
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laj-ge cells, and crossed in different directions by the posterior roots of the 
nerves, and by fibres which radiate to the white columns. At the junction 
of the cervix and ccvput comu, near the right border of the grey substance, 
are five large bundles of longitudinal fibres, interlaced by transverse fibres, 
and more or less encircled by large elongated nerve-cells, which send some of 
their processes longitudinally. 

Fig. 2, Plate XX. represents a transverse section of the grey substance from the middle; 

of the dorsal region of the Ox; drawn from a preparation magnified 60 diu- 
rae ters:—D, D, posterior cornua, the points of which are cut off; on the left 
side, the letter D is in the darker portion of the caput cornu. The nerve- 
cells are shown chiefly on the right side, y, the gelatinous substance; 
E, E, anterior cornua; F, tractus intermedio-latcralis of right side; two of 
its cells are seen extending into the lateral column towards the letter F; 
Gr, central canal, lined with epithelium, from which fibres radiate in con¬ 
nexion with small cells and nuclei, through the surrounding transparent 
space, H; behind II is the posterior transverse commissure, the fibres of 
which are in connexion with fusiform cells, and partly extend outwards to 
the tractus intermedio-latcralis, F; I, two bundles of longitudinal fibres, 
cut off from the anterior columns by transverse fibres of the anterior com¬ 
missure, K, K; L, anterior median fissure; l t posterior median fissure; 
P, P, bundles of posterior nerve-roots; M, M, cylinders of the posterior mi - 
oular columns ; N, three bundles of longitudinal fibres near the margin of 
the grey substance, and two of which are seen to be partially embraced by 
nerve-cells; T, fibres of the posterior commissure extending outwards; n, outer 
side of cervix comu posterioris of left side, where there is a decussation 
between the fibres of the posterior roots, in connexion with the posterior 
vesicular columns and the posterior commissure; o\ anterior roots of the 
nerves. 

Fig. 3, Plate XXL Transverse section of the grey substance of the Ox, at the upper 
part of the dorsal region, where the posterior cornua ore beginning to sepa¬ 
rate from each other in the middle line:—F, tractus intermedio-lateralis, 

N . extending inwards towards the posterior transverse commissure, and the front 
of the posterior vesicular column. 

Fig. 4 Plate SSL A "similar section, higher up, near the lower end of the cervical 
enlargement. . , 11 / ' 

Figs. 6 to 21 are tranberse"i?ectipnfl of the grey substance of the spinal cord, from a 
Woman aged 83 years. ' ^ 

Pig.Plate XXI. Section near the middle of the dorsal region:—F, t tractus inter- 

' eralisj M, posterior vesicular column. , ■ _ ~ 

Another, at the upper part of the dorsal region. 

-;A $milar section through the lower part of the cervical enlarge* 
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ment; the tractus inteimedio-lateralis, F, rests on the lateral projection of 
the anterior cornu, behind a group of large vesicles, and is connected by a net¬ 
work with the cervix cornu posterioris. 

Figs. 8 & 9, Plate XXI. Sections of the lateral half of the grey substance, successively 
nearer the middle of the cervical enlargement:—N, large bundles of longitu¬ 
dinal fibres near the lateral edge of the grey substance. 

Fig. 10, Plate XXI. Lateral half of the grey substance, through the middle of the cer¬ 
vical enlargement: the tractus intermcdio-lateralis is no longer visible, but 
the lateral projection of the anterior cornu, on which it rested, is still con¬ 
nected by a network with the side of the cervix cornu, which is pierced by 
several b un dles of longitudinal fibres, N. 

Fig. 11, Plate XXI, A similar section of the grey substance at the fourth cervical 
nerves:—N, longitudinal bundles of the lateral column, enclosed in the 
meshes of a network proceeding from the grey substance, and containing 
small cells; through this network the roots of the spinal-accessory nerve pro¬ 
ceed from behind forwards to the tractus intermedMateralis, F, and to the 
0^1 1 P of the anterior cornu; P, posterior roots of the spinal nerves; M, poste¬ 
rior vesicular column traversed by bundles of the posterior roots, .and by the 
transverse commissure. 

Fig. 12, Plate XXV. Similar section at the upper part of the third cervical nerves, 
magnified 60 diameters:—N, N, N, network proceeding from the side of the 
posterior cornu and tractus intermedio-lateralis, containing small cells and 
enclosing bundles of fibres of the lateral column, between which the roots of 
the spinal-accessory nerve proceed forwards to the tractus mterniedMaterali% 
F, and to the anterior cornu; the extremity, and particularly the outer por¬ 
tion, of the anterior cornu is pierced by numerous longitudinal bundles (repre¬ 
sented by the dark round or oval masses), between which the fibres of the 
, anterior roots (O') cross each other in an intricate plexus; amongst this plexus 
are several large nerve-cells, which partially embrace the bundles and send 
some of their processes longitudinally. 

Fig. 13, Plate XXI* Transverse section of one lateral half of the grey substance at the 
upper part of the lumbar enlargement ; the posterior vesicular column, M, is 
larger than in any other region. 

Fig. 14, Plate XXI . A similar section, nearer the middle of the lumbar enlargement 

Fig. 15, Plate XXI. Another section, through the middle of the same enlargement: 
, the posterior vesicular column, M, is composed almost entirely of small cells; 
the lateral part of the cervix cornu is pierced by several bundles of longitu¬ 
dinal fibres*. - ~ 

Fig, 16, Plate XXIII. A similar .section, through the lower part of ,the lumbar enlarge- 
ment. 

Fig. 17, Plate XXIII. 


Section through the upper: part of the conus medujlaris. 
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Figs, 18, 19, 20 & 21, Plato XXIII. Sections through the remaining portion of the 
conus mectullaris. 

Fig. 19. The gelatinous substance, g, is continuous across the middle lino beneath the 
posterior columns, A; 13, opako portion of the caput cornu; N, bundles of 
longitudinal fibres. 

Fig. 20. The posterior wliito columns (A, A) are wanting in the middle line, and 
terminate by a thin edge on each side of the gelatinous substance (g), which 
rises to the surface in a straight transverse layer, covered only by pin mater, m; 
13, are the dark bundles which in the preceding figures formed the opalce por¬ 
tion of the caput cornu; similar, but less numerous, bundles are scattered 
thro ug h the rest of the grey substance anteriorly. 

fig. 21. The spinal canal has extended backwards and sideways in the form of T; 

its lateral extension is through the gelatinous substance, which thus becomes 
continuous with the space previously surrounding the central canal, while the 
part corresponding to the opako portion of the caput cornu (13) is now in 
front and at the side of the canal. The remains of the gelatinous substance 
are covered and permeated by a quantity of pia mater, mi; indeed they now 
seem to consist of little or nothing else; this pia mater is continuous with 
that surrounding the cord, wf. K, the anterior grey substance, forming a 
network botween longitudinal bundles of fibres. 

fig, 22, Plate XXIV. Transverse section of the conus mduHarw of the Ox, at the flint 
pair of coccygeal nerves; dram from a preparation magnified 00 diameters:— 
A, A, posterior columns; B, B f , antero-laterol columns. From the grey sub¬ 
stance a beautiful network of nerve-fibres with blood-vessels oxteuds through 
the white, especially the antero-lateral, columns (B, B'), and encloses in its 
meshes a multitude of longitudinal bundles. From the extremities of the 
anterior cornua, considerable offsets of the grey substance extend through 
the anterior white columns, which are interspersed with large nerve-cells 
nearly to the surface of the cord. Fibres from around tho canal, joined by 
others proceeding from the epithelium, run forwards along the sides of the 
.anterior median fissure to the circumference. In tho posterior cornu are 
taany large bundles of longitudinal fibres; one of these is partially encircled 
by a,cell; several other longitudinal bundles are seen amongst the fibres of 


, > the posterior commissure. 

fig. 2$, Hate XXJ?, Thansvfersosecfcion through the lower part of the corns inedultaris 
of the Ox i town from a preparation magnified 60 diameters:—A, A, poste¬ 
rior white columns; B,B r antero-lateml Columns; G, central canal; a, a, a , 
posterior grey substance ; ^ anterior grey substance; the whole of the grey 
J \ substance, oh each side of the canal (Vhich is here very largo)* in pierced by 
muWtudf ’ft longitudinal bundles of fibres of different shapes and sisses 
^y^^^rtod;:by the’ dark masses), and is interspersed with a number ot SMtll 
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cells; a small group of large cells is found at its anterior extremity on each 
side. 

Fig. 24, Plate XXI V. A similar section, near the end of the conus medullaris of the 
Ox. It appears to be altered in shape by some accidental cause; for in its 
natural state the canal is nearly of the some form as in %. 23:—A, A, 
posterior white columns; B, B, antero-lateral columns. The grey substance 
around the canal is reduced in quantity, and appears as a kind of network 
enclosing a multitude of longitudinal bundles; it is also interspersed with 
small cells, but contains only a few of a larger kind , near its anterior 
extremity. 

Fig. 25, Plate XXX V. Transverse section of the grey substance of the jilum terminate , 
or filiform extremity of the cord, magnified 60 diameters. The canal is col¬ 
lapsed laterally, but is naturally very large, and the epithelium is consequently 
abundant. The grey substance surrounding it is reduced to a mere fringes 
pierced here and there by small longitudinal bundles, and interspersed with 
small cells or nuclei i—a, a, processes of pia mater, and blood-vessels radiating 
from the border of the grey substance through the white columns towards 
the surface. 

Figs. 26 to 86, Plate XXIII. represent transverse sections of the spinal cord of the 
domestic Fowl. 

Fig. 26. Section at the first pair of cervical nerves. 

Fig. 27. Section in the middlo of the neck. 

Kg. 28. Section at the upper end of the cervical enlargement. 

Fig. 29. Section through the middle of the cervical enlargement. 

Figs. 30 & SI. Sections through the lower half of the cervical enlargement. 

Fig. 82, Section through the middle of the dorsal region. 

Figs. 83, 34 & 35. Sections through the upper half of the sacral enlargement. 

Fig. 36. Section through the middle of the sacral enlargement 

In fig. 34 the posterior median fissure (l) begins to widen towards the air- 
face, so as to form the commencement of the sacral ventricle; and through it 
the pia mater descends and expands into a mass which surrounds the canal, 
and replaces the posterior transverse commissure. In fig. 86 is seen an exten¬ 
sion of the same changes. In fig. 86 the posterior columns, with the grey 
substance, are thrown widely apart, so that the posterior median fissure 
dilates into the broadest portion of the ventricle, which is filled by a large 
mass of the pia mater (m). The lateral halves of the grey substance are con¬ 
sequently united only by the anterior commissure (K), in which there is a 
very evident decussation. Some of the decussating fibres may be traced into 
the cervix cornu posterioris. Metzlee, whose observations are in general in 
accordance with my own, states, however, that £ real decussation is found 
only in the sacral enlargement, and in the upp^r part of the cervical region; 




but I have certainly found a decided but slighter decussation in the cervical 
enlargement. 

Figs. 37 to 45 represent transverse sections of the spinal cord of the Tortoise. 

Fig. 37, Plate XXII. Section at the first pair of cervical nerves. A network (N) is pro¬ 
longed from the sides of the grey substance into the antero-lateral columns, 
enclosing bundles of their longitudinal fibres. 

Fig. 38. Section through the upper part of the cervical enlargement. 

Fig. 30. Section through the middle of the cervical enlargement. 

Fig. 40, Section through the middle of the dorsal region. 

Fig. 41. Section through the middle of the lumbar enlargement. 

Figs. 42 & 43. Sections tluough the lower part of the lumbar enlargement. 

Fig. 44, Plate XXV. Transverse section of one lateral half of the grey substance, 
through the middle of the lumbar enlargement, of the Tortoise, magnified 80 
diameters:—D, posterior cornu; E, anterior cornu; O', anterior roots of the 
nerves; P, posterior roots; B, B', antero-lateral column, divided into separate 
fasciculi by a beautiful network, formed by nerve-fibres and processes of nerve- 
cells from the grey substance. 

Fig, 45, Plate XXV. Similar section through the middle of the cervical enlargement of 
the Tortoise, magnified 80 diameters. The cells of the anterior cornu present 
a more varied sliapo than in the preceding figure; mid the network in the 
antero-lateral column is neither so considerable nor so uniform us in the last 


figure* 

Fig. 46, Plate XXII. Cells from the gelatinous substance of the Ox, magnified 860 dia¬ 
meters:— a, 5, cells of small and intermediate size; c, round, oval, and fusi¬ 
form nuclei of connective tissue. 

Fig. 47, Plate XXII. Large cells from near the posterior border of the same, magnified 
220 diameters. 


Fig. 48, Plato XXIL Nucleated cells and free nuclei from the white columns of the 
spinal cord of a Calf, between three and four months old, magnified 420 dia¬ 
meters :—a, cut end of a nerve-fibre, showing a kind of spiral or concentric 
arrangement around the axis-cylinder; b, J, nucleated cells partially encircling 
v \ , r - the nerve-fibres, and attached to their sheaths; c, c, separate nucleated cells, 
\ ’ - .some with ramifying processes; d, two nucleated cells from a longitudinal 
-' sectmfij e 5 free granular nuclei * ■ 

Fig, 49, Plate XXII;, Large cells from a ^transverse section of the posterior vesicular 
columns of the Ox, magnified 220 diametersa, one of the processes nm« 


ning in a nearly longitudinal direction* 

Figr 50, Plate XXII. Large cell from d longitudinal section of the posterior vesicular 
< .columns, magnified 220 diameters;*--^ process extending towards the poste- 
’> it - ,rior nerve-roots ; another extending towards the anterior cornu* 

Transverse section of the human tractus intemedifaMsrdffp, from 
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near the middle of the dorsal region, magnified 220 diameters:— c, the inner 
portion, adjoining the grey substance between the anterior and posterior 
cornua (see fig. 6, F, Plate XXI.); 5, the free extremity extending trans¬ 
versely across the lateral column; a , a , a , fasciculi of longitudinal fibres of the 
lateral column. The tractus is interspersed with Gells, from some of which 
the processes escape with nerve-fibres into the lateral column; while others 
are continuous with nerve-fibres proceeding from the transverse commissure 
and other deep parts of the grey substance. At its inner end (c), some of the 
cells with their processes are elongated towards the anterior and posterior 
cornua (compare fig. 6, Plate XXI.). 

Fig. 52, Plate XXII. Cells from a transverse section of the tractus intmnedio-latwalk of 
the Ox, magnified 220 diameters. 

Fig. 63, Plate XXII. Epithelial-cells from the spinal canal of the Ox, magnified 400 
diameters:— a, isolated cells (the letter is placed over their free, ciliated 
end); b, same cells packed together in situ, and bearing cilia, which project 
into the canal. 

Fig. 54, Plate XXII. Epithelium from the spinal canal of the Tortoise:— a , J, separate 
cells, magnified 400 diameters; G, part of spinal canal, with the cells dis¬ 
posed around it, and a little less magnified; c, free nuclei from the white 
columns: magnified 400 diameters. 

Fig. 56, Plate XXII. Human spinal canal from the cervical region. Its outer parts are 
filled up with a heap of epithelial-nuclei, in the midst of which are two 
secondary canals, surrounded by the usual regular layer. 

Fig, 56, Plate XXII. Longitudinal section of part of the tractus interme&io-lateralu, 
magnified about 200 diameters. The cells are elongated longitudinally at the 
verge of the lateral column, the fibres of which are accompanied by their 
processes. 
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XXIII. Researches into the Nature of the Involuntary Muscular Tissue of the Urinary 
Bladder. By George Vines JEllis, Brofessor of Anatomy in University College , 
London. Communicated by Dr. Sharpey, Sec. B.S. 


Received November G,—Read December 9,1858 


During the last few years anatomists have considered the muscular substance of the 
bladder to be composed of elongated contractile fibre-cells, each with a nucleus in it, 
which possess free ends, and overlap at their pointed extremities without being united or 
joined together. This notion of the cell-structure originated with Professor KOllixer; 
and it has since received very general acceptance*. Prom the correctness of that 
opinion I am led to dissent by my researches; and I purpose to show in this communi¬ 
cation to the Royal Society, that both the involuntary muscular tissue of the bladder 
and the voluntary muscular substance in other parts of the human body have a like 
composition. 

In a former paper to the Sooiety (in June 1856)'f* I made the announcement that the 
views now brought forward of the muscular structure of the bladder were applicable to 
the involuntary muscular tissue in general; but as my declaration was received with 
doubt, I determined to withhold its publication until I had been able to repeat my 
microscopical observations. Before thiB time I hoped to have completed the task 
imposed on myself, but occupation has left me leisure enough to examine thoroughly 
only the muscular structure of the urinary bladder. As my idea is confirmed by the 
result of the second examination of that viscus, I submit this paper with greater con¬ 
fidence to the consideration of the Society; and I hope to famish at a future time 
additional researches into the nature of the involuntary muscular tissue in other parts 

of the body. " 

After a lengthened inquiry, I am emboldened to entertain opinions at variance with 
the doctrine received at the present day respecting the cell-nature of the muscular 
substance of the ur inar y bladder, and to conclude that this material is composed of 
lengthened fibres with fixed and tendinous end-attachments. According to this view, the 
muscular wall of the bladder and the voluntary muscles will be formed of similar threads 


* Professor Koeliksb, in his u Treatise on the Nature of the Involuntary Muscular Tissue in general/ 5 
says of that in the urma^jy bladder, “Die Memento der Muakeln der Blase rind Uberall die takannten 
PaserzeJlen. In den gelblrdthliehen Bundeln, die den Detrusor und Sphincter vesica, soide die sohiefen 
Paaem. susanunenseteen, «nd dieselben Susserst zierlicb spmdelBrmig und oft weHenforflug aualaufend 
O’OG—0'07 ,,f lang, 0-009—0*00^" breit^ mit ohara^rkfcisohen Kemen von 1>006—0W" L&nge/’—Zeit* 
Bebrift fiOr WiBsensohaMohe Zoologies Beat* Band, 6.64 Lfidpa. 1848. \ > 

t Seethe Abstract in the' Pro<?^B<fingS , of th& Boysl^Ociety, voh viii. p. 212. . 

‘ " A , * ^ ,T ' ' 
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or fibres. This resemblance between the two can be best demonstrated by considering 
the arrangement of the fibres when in mass, the characters of the same when separate, 
together with the length, end-attachments, and the structure of the component fibres in 
each kind of muscular substance. 


derangement of the Muscular Fibres, 

In both kinds of muscular tissue, (voluntary and involuntary) tin* fibres are arranged 
after the same plan. 

In the voluntary muscles the bundles of fibres communicate freely with each other, 
producing ft net-like arrangement with meshes, as in Plate XXVI. fig. 2, which represents 
this plexiform condition in the sartorius muscle of the thigh. I his interweaving of the 
fibres of contiguous bundles existed in all the muscles submitted to examination, and 
muscles varying in length, breadth, and thickness were designedly selected for com¬ 


parison. 

In the involuntary muscular layer of the bladder the fibres form fasciculi with an 
angular outline on a cross section, and are surrounded each by a strong fibrous sheath, 
as in the voluntary muscle. All fibres in the same stratum have the sumo general 
direction, either circular or longitudinal, and theme of contiguous bundles intercom¬ 
municate often, as in Plate XXVI. fig. 1, and give rise to a web with meshes, Not only 
are the adjacout fasciculi of the same stratum united in the manner specified, but the 
different strata in the wall of the bladder are joined at innumerable points,—the longi¬ 
tudinal fibres of one layor becoming transverse in another*. The interchanging bands 
unite in one compact whole the vesical strata; and the same must be cut through before 
the more superficial can be detached from a deeper muscular layor. The meshes pro¬ 
duced by the interweaving of the fibres are smaller thou in the voluntary muscle, and 
those in the deeper parts are closer or finer than the corresponding intervals in the 
superficial layer. In consequence of this intimate interchange amongst the bundles, a 
fibre cannot be detached so readily or for so great a distance in the involuntary, as in 
the voluntary muscular tissue. 

Each bundle of fibres of the bladder is marked at short intervals by a tendinous inter¬ 


section more or less complete, as is the rectus abdominis muscle of the human body. 
See plate XXVI. fig. 1, which represents some of the superficial tendinous points dis¬ 
sected out; These small tendons arc best recognised in a contracted viscus with rather 
red fibtea ^and though they are present throughout the whole muscular substance, they 
escape detection by the n^hid eye in the deepeflayers in consequence* of the general 
paleness of the texture. In some of the’ ‘muscular feseiculi the tendons exist only on 
the surface, involvings few of the fieshy fibres ofafesciculua; whilst in other bundles, 
end at other spots of the, same "bundle, they extend through the whole thickness, 
.‘Where, the larger bundles of fibres communicate, there is usually a tendon to be found. 


i i 
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each other, the closeness varying from ^th to an inch. When a fasciculus is free 
for some di s t a nce from the usual communicating bundles, the tendons are about £th of 
an jnnb apart. In length they average i^th of an inch (varying from ■j^jth to i^th); 
and their breadth, which is not quite so great as that of the bundles-of fibres bearing 
them, ranges, according to the difference in size of the bundles, from -jfoth to rfo-tli of 
an inch. 

On inspection with the naked eye or with a low magnifying power, the tendons may 
be seen to be formed of white threads, which project unequal distances amongst the 
fleshy fibres, each receiving a certain number of the fibres, and do not therefore give a 
defined transverse line across the muscular fasciculus. Under a low power of the 
microscope, the fleshy fibres, when traced onwards, may be observed to advance into 
the tendinous mass, and, becoming smaller and fewer in number, to leave a spot where 
only the co mm on fibrous texture serves as the bond of union between the fleshy bundles 
entering the tendon at opposite ends. Commonly, however, some fleshy fibres will be 
seen exten ding all along the object under examination, in consequence of their reaching 
different distances in the tendon. How the muscular is connected with the fibrous 
tissue will be subsequently described. 

The tendons above noticed resemble those in the voluntary rectus abdominis muscle 
in their structure, though, from being placed at unequal distances on the fasciculi of the 
fibres, they do not form a transverse band as in that muscle; and they are also like them 
in their use, serving as fixed points for the contracting fleshy fibres. 

Similar tendinous points amongst the fleshy bundles of the oesophagus were described 
in my paper of 1850: these reach entirely or only partly through the bundles of fibres, 
as in the bladder; they measure in length -sfoth to ^foth of an inch, but in width only 
about ^tb of an inch; and they are distant to 1-J- inch from each other. In these 
both the voluntary and the involuntary fibres of the gullet are collected. 

* , i l 

Characters of the Muscufarfflbres. , , 

Wheu some fibres of a fasciculus of the bladder have been freed from the surrounding 
sheath and separated carefully from the rest, they will present the under-mentioned 
characters with an object-glass of -J-th of an inch focus. 1 * 

The fibres are slender rounded strings, like the fibres of the voluntary muscle, 
and present at intervals corpuscles or nucleus-like bodies. If the object under examina¬ 
tion is hut little disturbed in the attempts to detach it with needles, the pale fibres will 
appear generally of uniform width. With transmitted light the surface is distinctly 
granulous or longitudinally striated, and without a dark limiting border. On a cross 
fracture the end is ej.tb.er solid and dotted, or jagged with separate points, as m a fibre 
of the voluntary muscle under similar conditions. Not uncommonly many of the’fibres 
under inspection, ate contracted here and there, and wavy at the narrowed parti hi 
Plate XXVI fig. 8 a; so, that, supposing a fibre to be htbken into pieces, the fragments 
would produce objects yn^k pointed) ends and nucleiis-like bodies (fig, 85), resembling 

* ’ * . . ^"11.1. * » t ' .,,a ^. " 
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the muscular fibre-cells of Professor KOllikbb. 


When u fibre is contracted, it is like a 


string of beads in its outline. 

Variations in the characters above given may be produced by the manipulation 
employed in the preparation of the microscopic object: thus if the piece of glass 
covering the object is pressed down too much, the fibres will be easily flattened in con¬ 
sequence of their great Boftncss. Should a fibre be broken across, it may be bent or 
twisted, or may differ in width at intervals, narrow wavy parts alternating with larger; 
or it may he shortened with slightly waved edges and transverse darkened Hues; and its 
free end or ends may be pointed and round, or flattened and irregular like the end of u 

broken piece of string. 

Size. _The fibres vary greatly in diameter in the two kinds of muscular substance. 

In the voluntary orbicularis oris muscle of the human body, the smallest fibres measure 
s-^rd, and the largest y^th of an inch across; and three other sizes can bo recognized 
between those extremes. 

In the involuntary fibres of the bladder the smallest measure TT?<ynth, and the largest 
KisWth of an inch in diameter, whilst the average width is °f un kwh* Most 

preservative fluids diminish the width of the fibron. 

Elongated granular bodies exist in all muscular tissue; and in the invo¬ 
luntary muscle, as in the bladder for instance, they have been described by Professor 
KoJvLiiCKR as the nuclei (Stabchonfdrmige Kuroo) of Iris so-called muscular fibre- 
cells*. 


On the addition of acetic acid to voluntary muscle, two kinds of corpuscles, the one 
oval* the other fusiform, come into sightf. The oval kind, fewest in number, ore very 
pale,, with fine granular contents; they are situate within the sarcolemma of the fibres, 
and fiow therefrom with the disintegrated masB on the action of caustic potass; they 
measure about xs^th of an inch in length, and xsWth in breadth. The fusiform 
bodies are commonly pointed at each end, and have a yellowish-green colour, with coarse 
. granular contents and a very dark outline, whilst from one or both points a line of fine 
granules extends for a short distance. In width they vary from to ry& FSth of 

on inch, and in length from xflW th to yjnth of an inch. Urey have a linear arrange¬ 
ment along the fibres, and are at variable distances from each other. Oftentimes they 


are. twisted or subdivided. 

: one kind of corpuscle, drat corresponding with the fusiform of the volun- 

tarymu«&e* can be recognized in the bladder; but occasionally others, answering to the 
ovtd form above described both in their characters ,and position, will.be observed. 

The fusiform corpuscles of the muscular substance of the bladder (die rod-shaped 


"r c 


# " ftweifccna beiiizt jade Pseorzslle ohneirgaad mne Aqsm&rie einonbloaeon, hi vision Pfillon orat imeh 
r UangBlurezmatz richtbami odor wenJgateas deutfioW b^optrotanden, soltouer durch die Sfiure erbk*« 
' >■ s^ndan Xorn, daMSn Grdaae und Gestalt feehr digentbdmliob urtd bea&iohnettd amd. ,J —Zeitiobrifi fQt Wis- 
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nuclei of cells of Professor KCllikeb) should be examined "without acetic acid, or with 
only a very weak mixture of it and water, as when the acid is strong it destroys the 
characters of the object under the microscope*. These bodies (Plate XXVII, fig. 4) have 
the same general form, position on the fibres, and appearance as the corresponding bodies 
in voluntary muscle, and from each pointed end a faint line of granules may be often 
traced if weak acid has been used; but their contents are more coarsely granular, and 
they are somewhat larger and better marked, measuring across from r dfo -gth to ^ifcrth 
of an inch, and along from y ^ gth to -yjg-th of an inch. 

The n umb er of the corpuscles on a single involuntary fibre of the bladder will depend 
on the length of the fibre, and their distance apart is greater than in the voluntary 
muscle. There is not any bulging of the fibre opposite the seat of the granular bodies 
(see Plate XXVII. fig. 4 a ). On account of the softness of the muscular fibres and 
their frequent interweaving, a single fibre can be separated far enough from its fellows 
to show more than one corpuscle on it only rarely, and with considerable difficulty. 
With care, however, I have succeeded several times in detaching a piece of a fibre long 
enough to have two corpuscles, but only once, as in fig. 4 a, a fragment of a length 
sufficient to possess three corpuscles. 

The distance of the corpuscles from one another varies in the same fibre, as well as in 
different fibres. In the fibre with three large corpuscles (fig. 4 a\ the middle one is 
* 33 ~ 8 r d of an inch from one corpuscle, and T foth of an inch from tho other. In five other 
fibres, each with two large corpuscles, of which measurements wore taken, in no two was 
the interval the same, for it varied from T jhyth to uVd of an inch, but the average was 
■yjyth of an inch. 

Some small and imperfect corpuscles, os in fig. 4 a, ate often seen between the larger 
and more complete bodies; and occasionally two larger ones are found near together, as 
if one was deft in two. 

The measurements above given of the distance of the corpuscles from each other, were 
made on the fibres of a bladder that was very much contracted, of which fig. J, Plate 
XXVT. is a representation drawn of the natural size; and it is therefore to be infeed 
that the distance would be increased in fibres in an uncontracted state, or lengthened in 
the distended condition of that viscus. Possibly, too, my seeing two and three corpusdes 
on a fibre may be due to the approximation of those bodies by the shortening of the 
intercorpuseulax spaces in the contracted fibres. In this same small, but very healthy- 
looking and muscular bladder, some of the fibres presented a coarse granulous appear¬ 
ance, as in fig. 5, Plate XXVII., either through the whole length of the field of the micro¬ 
scope, or only at intervals: this condition was very like the granulous state often seen 
in voluntary muscular fibre, ■ 

♦ Little knowledge of these bodies or of the fibres can be obtained by adding'sedd to amass of the 
muscular substance, for the add takes away all indication of the separateness of the fibres, and allows 
underlying corpusdes to appear through the superficial and transparent tissue. 


4. 
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Length of the Mwsculct? Mbres* 

Actual measurement under the microscope of an entire fibre from the wall of the 
bladder has been found to bo impossible, in consequence of its frequent interweavings 
with its fellows rendering it inseparable. The length will correspond,^ it is to be su]>- 
posed, with the distance between two of the tendinous points into which the fibres are 
gathered, just as is the case in the voluntary rectus abdominis muscle. Ihus the length 
would vary from -&th to £ ail inch, as the intervals between the tendons, in the greater 
number of the fibres; whilst in others it may extend over one tendon, as do some fibres 
before they roach their point of insertion. Considering the length to be determined by 
the tendinous intersections, it must be borne in mind that this will bo greatly influenced 

by the contracted or relaxed state of the bladder. 

By parity of reasoning, the length of the fibres of the oesophagus, where like tendi¬ 
nous points exist, may be estimated. 


Fnd-attachmmt of the Fibres* 

The fibres of both the voluntary muscular tissue and the involuntary muscular sub¬ 
stance of the bladder have similar end-attachments, by means of fibrous tissue or tendon, 
as before said. 

A voluntary fibre, when about to end in tendon, is surrounded by fibrous tissue, and 
soon afterwards its component threads or fibrils may be seem to be collected into bundles 
of varying length and size, which separate slightly as they are continued onwards, like 
the roots of a tree entering the soil, Each bundle of fibrils is invested with a separate 
sheath of fibrous tissue, and the aggregate of all the sheaths forms the little tendi¬ 
nous band which is prolonged from each fibre to make up the common tendon of inser¬ 
tion* It appears as if each fibril or thread in the bundle possessed its proper tendinous 
appendage. The muscular bundles gradually coase to be distinguishable amongst the 
fibrous tissue; but the central reach further than the circumferential, so that a fibre 
may appear to have a pointed ending if the surrounding pieces have been broken off in 
the preparation of the microscopic object. In what way the fibrous tissue is united with 
the muscular fibre I have not been able to ascertain. 

The involuntary fibres of the bladder end in tendinous tissue, like the fibres of the 
s yoluniayy muscle; but,/from their minuteness and softness, I have experienced groat difft* 
ip isolating pue, about to cease* from its, fellows. Supposing the end of a fibre to 
be sepamted, it, will- be found to terminate as in the voluntary muscle: viz. fibrous tissue 
is arrange^ around^ like the long hairs in a horse’s toil, whilst further on the fibre 
appears to divide into pieces,bach having its appertaining sheath of fibrous tissue; and 
, lastly, the muscular tissue ceases to be discernible in the fibrous bond connecting it with 
^th? common tendon (see Hate XXVII, fig, 8 }, v Examination of the fibres entering a 
^dinouB mass does not afford so satisfactory a view of the disposition of thcterminal 
ih the case of a detached fibre; but oven then they can be observed to divide, 


f » t 



INVOLUNTARY iMDSOULAR TISSUE OF THE URINARY BLADDER. 475 

and diminishing in size, with oftentimes wavy ends, gradually to cease amongst the sur¬ 
rounding fibrous tissue, as in fig. 7 of the same Plate. 

Structure of the Muscular Fibres. 

The characters of the fibres of the bladder above detailed do not lend support to the 
doctrine of the cell-structure, as explained by Professor KOlliker, but rather lead to the 
supposition tha t in construction, as in other respects, the two kinds of muscular tissue 
have some thing in common; and after careful examination I am induced to believe 
that the ultimate composition of the two is not dissimilar. To me the fibres seem to be 
made up of very minute threads—the ultimate fibrils—as in the voluntary muscle. Indi¬ 
cations of this composition are manifested by longitudinal marking, both with and with¬ 
out the action of dilute nitric acid *, and by the separation of the component parts when 
a fibre is about to end in its tendon, as before described. It is not possible to detach at 
pleasure one of the ultimate fibrils making up a fibre, as in the voluntary muscular 
tissue, and possibly from some difference in their uniting medium; but partial acci¬ 
dental separation of them in small bundles, about rsrVo'oth of an inch wide, is not very 
unfrequent. 

I have not succeeded in dist ing uishing any sheath or sarcolemma to the fibres of the 
bladder; but by the action of dilute nitric acid the fibres present oftentimes a rough and 
uneven appearance, as if some encasing material was partly removed. 

There seems to be also a further resemblance in structure between the involuntary 
and the voluntary muscle. 

In the vol untar y muscular fibro the ultimate fibril is composed, as is well known, 
of small elongated dark pieces—the sarcous elements, which are united by a transparent 
material, and give rise by their arrangement to the transverse markings or striae of the 
fibre. 

1 On viewing a clean and separate fibre of the bladder with a magnifying power of 600 
diameters, it may sometimes appear fibrillated, as in Plate XXVII. fig. 4 a, but at 
other times a fibre will have a granular or dotted surface; just as there may be a differ¬ 
ence in the surface-marking of the voluntary fibre, the longitudinal striation being most 
conspicuous in one specimen and the transverse marking in another specimen. In the 
large and somewhat flattened fibres, the dark spots, though of small size, are lengthened 
rather than rounded, and have a linear arrangement in a Clear matrix (see fig. 6), though 
only a small portion of the line of dots will be in focus at the same time, in con¬ 
sequence of the high magnifying power employed. These dots seem to me to indicate 
the existence of sma l l opake masses—sarcous elements of the involuntary muscular 
tissue of the bladder, which are the representatives of the sarcous elements of the 

1 1 - 1 r 

r • I , * c 4 

* Dilute nitric acid, 20 per cent, strong,‘haa been recommended a* suitable for stowing the cell-structure 
of tbs involuntary muscular substSiu.ee»but if tbomierosoopiet desires to see fibre* astbey are here described, 
he must refrain from using thatmixture. By the action of-the acadtbe. Etwee ure Softened so that they mil 
tear readily in any direction, and are:depriv^d of the tendons, stacking their ends.' - 

' «* -> ■>' * - . ' ,. 4 ' ' % t ' i „ 
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voluntary fibre. By their arrangement they occasion the granular appearance of the 

surface under a low magnifying power*. ^ 

In the involuntary muscular tissue now described, as well as in the voluntary fibre, 

the ultimate fibrils will be composed, then, of similar minute particles or “sarcous 
elements;” but these are so arranged as to produce transverse strim in the fibre of 
voluntary muscle, and a dotted condition in the fibre of the involuntary muscle of the 

bladder. 


Explanation op the Plates. 


PIATE XXVI. 


Pig. 1. This drawing shows the back of the human bladder with the prostate and 
seminal appendages, together with the urinary canals. The bladder was very 
fleshy and much contracted, and is here depicted of the natural size. Hie 
greater part of the drawing is in outline; but a portion on one side (about 
the middle) is finished to display the intercommunications of the fleshy 
bundles, and the tendinous intersections on those bundles for the insertion of 
the muscular fibres. 

Pig. 2. IteproscutB, once enlarged, a fasciculus of fibres from the sartoriiiH muscle of the 
thigh. Two of the secondary bundles have boon unravelled to show the in¬ 
terweaving between smaller contiguous sets of fibres, as m the involuntary 
muscle i and with greater care a more minute separation might bo made. It 
serves to demonstrate that the muscle is a web-like mass, instead of a collec¬ 
tion of long parallel fibres which are fixed only at the extremities of the 


muscle. 

Pig, S. The figure marked by a is copied from a bundle of muscular fibres of the 
bladder which had been immersed in dilute nitric add, after the manner 
recommended to bring, into view the cell-structure of, the tissue. Bulgiugs 
alternate with narrowed and twisted parts on the fibres,—a condition which is 
not uncommon. Granular masses, some being evidently the remains of 
,,' i corpuscles, are seen here and there. 

tX '.. / l The letter h points to the second figure, exemplifying how fragments of 
, .^;^^^fihies would resemble the cells of Professor K&llixek, by being wide 
■f it 'tii mk|dle, pointed at the ends, and possessing a corpuscle or Nucleus, 
Thesetwo : £)fagbdenti,' mi. others like them, were in another part of the field 
of tte mLoroscsOpe.,^ : / \ ^ 

' ,’ * Mr. Bowkjut stems to bays thought, it probable that similarity of structure might exist hi the 
two kinds of muscle. He says, " Occasionally these grannies see arranged In a linear series, for some 
,.. Ms condition is probably on approrimafcion towards J tbe structure of the striped fibre* fori have 
l^g^lgeifo be about the size of the tercousolemtets.of tbe robrntary muscles idjovedewribsd^ 

article * Kwh wad ifuseuiae jMmtf , ' \' 

v^j. - . - : ' ^ * * - ■- ^ ‘ 



477 


INVOLUNTAEY MUSOULAE TISSUE OP THE UEINAEY BLADDEK. 

PLATE XXVII. 

Fig. 4. The chief characters of the involuntary fibres of the bladder have been here 
portrayed, viz. the inextricable interlacement, the striated appearance of the 
surface, the corpuscles, and the slender form with nearly uniform width. 
The fibre referred to by the letter a is furnished with three large corpuscles, 
and with one small, apparently imperfect body. 

Fig. 5. A granular state of the involuntary fibres is here indicated. A similar condition 
may be seen more frequently in voluntary muscular fibres. It has not the 
appearance of fatty degeneration. 

Fig. 6. Parts of two muscular fibres of the bladder, viewed through an object-glass of 
■j^th of an inch focus, are drawn in this figure. The dotted and striated sur¬ 
face-markings, illustrating the structure, are very difficult to recognize and to 
picture. Oblique is better than direct light for examining the object, as die 
latter causes the dots to appear like lines. Shading the mirror of the micro¬ 
scope at a distance is sometimes more serviceable for seeing what is described, 
than either of the before-mentioned modes of illumination. 

Fig. 7* Is a representation of the ending of a bundle of the muscular fibres of the bladder 
in its tendon. Diminishing in size, the fibres penetrate a certain distance 
without losing their characters; but they then give place to bundles of fibrous 
tissue, which beco m e undiscemible as distinct bands amongst the mass of 
surrounding fibrous tissue. A like arrangement exists at the opposite side 
of the tendon. Corpuscles can bo recognized on the fibres near their inser¬ 
tion in the tendon. 

Fig. 8. Exhibits the ending of a single fibre of involuntary muscle of the bladder, mag¬ 
nified 600 times. The terminal division of the fibre, and the wavy fibrous 
tissue encasing the whole, are delineated in detail. The offset of fibrous tissue 
is prolonged finally to the common tendon of insertion. In the preparation 
from which the drawing was taken, the solid part of the fibre was not quite 
so long as it is here made, 
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XXIV. On the Anatomy of Victoria regia.—Part II. 

By Arthur Henfrey, F.R.3., F.L.S., Professor of Botany in King's College , London. 

Received May 6,—Read May 10,1869. 

In a contribution to the Philosophical Transactions of this Society, published in 1852 
(p ar t IX. p. 289), I gave an account of the internal anatomy of the stem or rhizome of 
Victoria regia. I then stated that I regarded the arrangement of the vascular structures 
as essentially agreeing with that typical in Monocotyledons, and I directed attention to 
certain points of less importance, some of which appeared to strengthen the general 
argument in question, while others were opposed to it. Subsequently I have had an 
opport uni ty of studying the anatomy and development of the leaves, roots, and flowers 
of Victoria, and of observing some interesting facts which have not been clearly made 
out in any of the various memoirs which have appeared on this subject I have also 
been led to a reconsideration of the subject of the anatomy of the stem by a criticism 
which appeared in the ‘Flora Indica’ (p. 236), the distinguished authors of which, in 
their advocacy of the opinion that the Order Nymphffioceeo is really Dicotyledonous, 
question the agreement which I have declared to exist between the structure oi the 
stems of Victoria and of Monocotyledons. 

In the present paper, which may be regarded as a continuation and completion of the 
former, I sh all first deal with the debated question of the structure of the rhizome, and 
afterwards give an account of the development of the appendicular organs, including the 
flower, and of the phenomena presented in the germination of the seed. For the abso¬ 
lute determination of the question whether a stem were organized on the Monocotyle- 
donous or the Dicotyledonous type, it would be requisite first of all to define clearly what 
conditions we regard a 0 typical in the two classes; This is no easy matter in the present 
state of our knowledge The old terms Endogenous and Exogenous growth are founded 
on no corresponding contrast in the organization of the plants to which they refer. 
Exogenous growth is a reality, but endogenous growth is a figment of the imagination. 
The general distinctions between the stems of the two great classes of Angiosperjnoue 
Flowe ring Plants depend npon a different mode of arrangement of the fibro-vascular 
bundles, and, usually, in addition to this, upon a different mode of arrangement of the 
elementary organs in the fibre-vascular bundles. These are the only essential differences j 
the formation of annual rings is by no means a constant phenomenon in perennial Dico¬ 
tyledons, * It offers, however, a negative character for the Monocotyledons* since, from the 
construction and arrangement of their fibro-vascular bundles, they cannot produce annual 
(or periodical) rings of the same Motias those of the Dicotyledons* The layers formed . 
in such exceptional instances'as Tnc^JOraccem, and analogous stems are totally differ* 
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en t from those of the layers of Dicotyledons, being formed of entirely new fibro-vascular 
cords quite independent of those of the inner substance of tho stem, while the nuccoksuo 
layers of the stems of Dicotyledons are ordinarily horizontal developments from the 

cambium layers of* the pre-existing bundles. 

Many Dicotyledonous rhizomes, although perennial, form no distinct annual rings, and 
it is common to find the older parts of these thinner than the younger; the reverse of 
what is ordinarily seen in trees of this class. But in those cases even where there me 
no annual rings, it is almost always possible to distinguish the typical arrangement of 
the bundles of the yearling shoot in a single circle surrounding tho pith, with processes 
of cellular tissue forming medullary rays, running out between them to the rind or 
bark. This circular arrangement is seen most distinctly when the stem has the inter- 
nodes developed, but it is evident even when they are little elongated, lhe arrange¬ 
ment of tho fibro-vascular bundles in a single circle depends upon the fact, that the 
leaves of Dicotyledons are supplied by a comparatively small number (B—<5— /) of 
fibro-vascular bundles which are developed collaterally, and in their course through the 
few intercedes which they traverse, remain side by side, separated by plates of cellular 
tissue (medullary rays) which are interrupted at more or less distant intervals by colla¬ 
teral anastomoses of the bundles, Ike bundles supplying the leaves are formed in the 
bud, and their earliest vessels constitute the sheath of the mitral pith; us the leaf is 
carried out from lire puwtiwi wff&tciMotiiii, no new bundles ore developed, but the fibro- 
vuscuhvr bundles are increased in diameter by the development of wood-cell 1 } and ducts 
at their peripheral surface, and in most cases at the sides, thus encroaching on the 
medullary rays. 

In' Monocotyledons it is usual to find the nascent loaf embracing with its base u 
much greater segment of the circumference of the growing apex of the stem than in 
Dicotyledons; often it extends all round, so as to appear like, or actually to fora a tube, 
us we see even in the full-grown state of the Grasses and Sedges. Into this wide base 
run generally a great number of separate, small, fibro-vascular bundles, os is seen very 
clearly in broad parallel-veined loaves, such as those of the Flag. And when a petiole 
is formed, the bundles do not unite collaterally as in the petioles of Dicotyledons, but 
pass out separately, as they run in the stem. Again, as the leaf is pushed outward in 
theibudj tdwards the' circumference of the stem, the earlier bundles receive no peri¬ 
pheral additions, but in place 'of this new and distinct bundles are fbnned on the outer 
side of > Further* the: new bundles fbnned for the succeeding leaves are 

not placed betweem these cite ones, but are formed within and cross to the outside of 
them, passing down in* the periphetd region; those of the next leaf follow in the 
- same way; and when, nais oftenthe case,' the bundles traverse a great number of inter- 
nodes (20~-40), a vast number of them must necessarily appear in a cross section of the 
Infoaior part of the stem. - These bundles contain no provision for enlargement hi sub- 

growth; theddicateelongatedcelk byVmMQupMMjffqyrtfo 
- --i * oal3 D jw iaa structure of Dicotyledon^ bundle*, are 
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necessarily incapable of a development similar to that of the cambium region just referred 
to, inasmuch as they are closed in all round by the other perfectly-formed elements of 
the fibro-vascular bundle. 

The lower extremities of the bundles of Monocotyledons, moreover, do not anasto¬ 
mose collaterally below in the inner part of the stem, as those of Dicotyledons do; 
they run more or less obliquely outwards until they reach the region where the central 
substance of the stem joins the rind, at which point they usually branch and anasto¬ 
mose with their fellows above, below, and around, sometimes forming an intricate fibro- 
vascular plexus. The cellular tissue in the vicinity of this region, forming the division 
between the rind and the medullary substance, partakes in Borne measure of the charac¬ 
ters of the cambium region formed by the collective bundles of a Dicotyledonous stem, 
since it is here that adventitious rootB first arise; and here also ore produced those 
pec uliar fibrous layers of increase which give so anomalous a character to the stems ot 
Yucca, Dracama ,, &c. But it must be observed that there exists this essential difference, 
that the cambium layer is the outer, horizontally developed region (or outer side) of the 
Dicotyledonous bundle, while this pseudo-cambium region of Monocotyledons is con¬ 
nected only with the inferior extremities of the closed fibro-vascular bundles. 

Applying these considerations to the structure presented by tlie stem of Victoria , we find 
unmistakeable resemblance to the typical structure of Monocotyledons in the arrange¬ 
ment of its bundles, and the entire absence of that kind of regularity which produces an 
annular appearance of the fibro-vascular structure in a cross section; the great number and 
the isolation of the bundles, and the absence of a central medullary region are especially 
Monocotyledonous; and the relative position of the bundles in their course is closely 
in agreement* The chief difference consists in the collection of the bundles together 
into a kind of cord where they run out from the central region into the petiole*—which 
arises from the comparatively narrow base of the leaf at its origin in the pmetum wge* 
totionis ,—and in the existence of numerous bundles connected with the roots running 
up and down and around the stem in the region immediately within the rind.' The 
former of the se points indicates an agreement with the Dicotyledonous type; the latte?.' 
departs less from the Monocotyledonous type than from the Dicotyledonous* 

The general agreement of structure with that typical in Monocotyledons may be 
admitted without our assuming that this should largely influence us in deter m i n i n g the 
systematic position of the plant it occurs in. The general resemblance of the leaves of 
Monocotyledons with dictyogenous venation to those of Dicotyledons, is an example of 
strongly marked Monocotyledonous plants exhibiting a resemblance in certain charac¬ 
ters to Dicotyledons. The weight attributable to such cases can only he estimated after 
a careful e xaminat ion of the various modifications they present, and of collateral cir¬ 
cumstances,' - 

' At first sight the annular arrangement of the fibro-vascular bundles around' a central 
' pith appears a very important systematic character, sincC it is extremely rare to miss it, 
even rathe most irregularly dev^qpeArbjzomcsif Dicotyledons, where little or no pro- 
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duction of annual rings takes place. On the other hand, we know of no case of its 
occurrence in Monocotyledons. But although the ‘ scattered’ arrangement is so rare in 
Dicotyledonous stems, instances of it do actually occur; and one case recently made 
known by M. Vauphll* is especially interesting, as it indicates that we must be very 
cautious in regarding it as a systematic character. In the rhizomes of the genus 
Primula the fibro-vascular bundles usually stand in a circle around the pith, as in 
P. vulgaris , sinensis, and others; but in P. Auricula the bundles are scattered generally 
through the parenchymatous structure without any appearance of a distinction between 
pith and wood, essentially therefore, although in a more simple form, exhibiting the 
sj ymp aberration as Victoria. The existence of this character in certain species only of 
a dearly-marked genus would be fatal to its use as a systematic character, did we not 
know that no sing le character in natural classification can be regarded as absolute *1*. If, 
however, its importance be admitted, it becomes necessary to inquire how far it is to be 
allowed to prevail, and what attending circumstances must be looked to in estimating it. 

In the present case, when we pass from the arrangement of the fibro-vascular bundles 
to the structure of the bundles themselves, a most important qualifying circumstance 
becomes evident The horizontal and perpendicular sections given with my former 
memoir^, show that the fibro-vascular bundles consist of a central group of spiral vessels 
surrounded by delioate elongated cells, forming a kind of cambium tissue; there is no 
wood here, nor anything comparable to the so-called liber-fibres of the bundles of ordi¬ 
nary Monocotyledons. The vascular bundles are reduced to their simplest elements,'— 
a few vessel^ enclosed by a cambium region. In this state they agree with the rudi¬ 
mentary condition of the Dicotyledonous vascular bundle, which is especially character¬ 
ized by ita peripheral region being composed of cambium, giving it the power of growth; 
while in the bundles of Monocotyledons the cambium tissue is, as a rule, found in the 
middle part, with the older woody structure external to it, forming a fixed boundary, pre¬ 
cluding further growth. 

Considering the rudimentary condition of the vascular bundles of the stem, we should 
perhaps be raah in drawing any positive conclusion from their structure; y$t the 
evidence, such as it is, derivable from this is in favour of the reference of Victoria to 


Diootyledd^s.- . . 

51 m, far more decided indication in the same direction is afforded , by the plan of 
of the vascttiar structures in the roots. The typical structure of the root 
‘ cf’arjlfedoxt is that bf a cylinder of parenchymatous tissue containing a central 
woody aids," which vAen cut across, exhibits a centre composed of more or less 

** _ ’ / V > 11- ^ ** w- ' * * . * ^ ’ - 1 P 


- , f ■* 1 1 r 1 

< tTatawiwk fiber dais peripbe?; VFadbrt&iim d. Geffeebdl dor Dicotyled. Rhizome; Leipsic, 1850. 

y ‘anomalous* stems of Ny«tagmacs», Ghenopodiace®, Memspermaoe®, &o. f present eon- 

grease the difficnfity of laying down a typical character for the steam of Dicotyledons ) 
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lignified prosenchymatous cells, surrounded by vessels or ducts, tlie orifices of which, form 
a kin d of ring at the point where the central axis joins the cellular rind. This struc¬ 
ture prev ails in all the Monocotyledonous roots I have e xamin ed*. 

In Dicotyledons, on the contrary, the woody substance of the root, like that of the 
stem, always has the vascular elements in the central region and the woody tissue out¬ 
side it; in fact the root of a Dicotyledon corresponds essentially with the stem, omitting 
the central pith and the liber-structure of the bark. In Victoria the cross section of a 
root (Plate XXXI. fig. 53) shows that the centre is occupied by the vascular structure, 
the large open ends of the vessels appearing scattered in a central cylindrical region, 
which is bounded externally by a circle of compact, small-celled cellular tissue, which 
may be compared with the woody portions of the vascular bundles of ordinary Dicoty¬ 
ledons. Perpendicular sections made through the region where the roots pass out from 
the stem, show that the bundles of vascular tissue destined for the root become collected 
together into a solid cord before entering it, and they then occupy its axis; while simi¬ 
lar sections of the origin of Monocotyledonous roots show that a hollow cylinder of 
vascular tissue arises from the ‘ fibrous layer' of the stem and passes out in this cylin- 
dric form, its centre being occupied by tissue passing gradually from parenchymatous 
into prosenchymatous, but directly continuous with the central region of the stem. The 
structure of the root of Victoria is therefore according to the Dicotyledonous type. 


The structure an d germination of the seeds of Nymphseacese have long attracted the 
notice of systematic botanists, and very different views have been entertained on this 
subject. Victoria has been observed in reference to these matters, especially by TejScul, 
Bueohon, and the authors of the ‘ Flora Indica.’ My own observations are, however, 
at variance in several respects with those of all these observers, more particularly in 


regard to the phenomena presented in germination. 

In the ripe seed we find the embryo, enclosed in its special sac (amnion), lodged in a 
cavity excavated in the perisperm (Plate XXJX, fig. 19>- It is of a depressed conical 1 
form, the flat base exhibiting asmall "boss'or blunt .elevation in the cenfre, which is 
the radicle, and this of course looks towards the surface of the seed. The position of 
the radicle is visible through the amniotic coat (fig* 20 <l)> but it is not until this is 
removed that the Dicotyledonous structure of the embryo is dearly seen. We then 
End tiie conical embryo {fig. 21) presenting a vertical groove ru nnin g over the summit 
and down each ride, dividing it into two halves, the two cotyledons; and the grooveends 

_ A . ■* > 1 B V P LV 1__i ll J * *1 * C~ 



pally j ao as to fopn, when applied together, -a somewhat globular or very; convex lenti¬ 
cular cAse, enclosing &e plumufev The plumule,pkced centrally and directly over the 
radi(ndar papilla, inn flashy body, sOn^friiatcompressed in,the direction parallel to the 

rtoodnt ^fomeTpaper J j»ad ia 1847 before til* 
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commissure of the cotyledons, and presents in its upper part two irregular lobes, stand¬ 
ing opposite to each other and decussating with the cotyledons (/). These arc described 
by TsficUL as the primordial leaves. 

In germination the hard sced-coal is opened by the separation of a little lid or cap at the 
point opposite the radicle, and from the orifice thus formed emerges the sprouting struc¬ 
tures of the yo ung plant. In the accounts generally given, it is stated that the cotyledons 
remain in the seed, and the radicle and plumule emerge together, the latter elongating 
into a kind of stalk between the cotyledons and the first loaf. I cannot rcconcilo this 
account with the facts which I have met with. The cotyledons certainly remain within 
the secd-coats, and, as it appeared to me, soon undergo decomposition; but I believe 
that, in addition to this, the first leaf of the plumule (the larger of the two lobes visible 
in the embryo (fig. 21/) previously to germination) also remains within tho sccd-coats. 
In the specimen I examined the radicle had elongated but slightly, push in g off tho lid or 
operculum, which remained sticking upon its extremity (figs. 23 r, 24 A, 25 r, o); at the 
ride of the radicle emerged a stalk-like process (fig. 25, 1 1), which at a little distance 
from the seed exhib ited a blunt lateral protuberance (fig. 25 af), and there became bent 
at right angles ; beyond the bend a long stalk-like portion succeeded ( 12 ), at the end of 
which tho regular stem with undeveloped inlomodes commenced its growth (fig. 22). 
On extracting the germinating plant from tho sood-coats (fig* 2d), the stalk-like piocess 
coming out at the side of the radicle was found to arise ride by side with tho radicle 
from a fleshy mass (fig. 25 j pi), which appears to bo tho plumule, and not the cotyledons, 
as usually described. Tho radicle is directly continuous with the main body of this fioriiy 
mass, which seems to correspond with tho larger lobe of tho plumule of tho embryo 
(fig. 21/). The stalk above referred to (fig. 25, ^1) seems to be on inlcmodc developed 
immediately above the first, undeveloped, leaf (fig. 25 pi), which remains in the seed, 
merely beco ming larger and more solid in texture. The protuberance at the angular 
bend (fig. 25 si) is probably the rudimentary second leaf (the smaller lobe seen on the 
plumule, fig. 21/), indicating the end of tho first intemode and the commencement of 
the second. The first, shorter, intemodial portion (fig. 26, 1 1) is not cylindrical, but flat 
on one ride, and twisted upon its axis, by which moans the second intomodo comes to 
have an ascending direction; it was about £th of on inch long. Tho second intemode 
(£ 2) was about 1 inch long, It appears from TrAcul’s account that on adventitious root 
is sometimes developed at the node where the bend takes place, but this was not the case in 
my specimen, I had not an opportunity of observing the earliest stages of development 
of the true stem* which commences its formation in the simunit of the second intemode, 
but the specimen which I examined bore all its leaves, and therefore loft no uncertainty 
as to their conditions. Taffiorm says the leaves are altomate, but that tho first two have 
no stipules, and the first no adventitious rootlets at its base. According to the account 
in the 5 Flora Indica,’ the first two leaves me opposite. In my plant tho loaves of tho 
rudimentary stem had assumed the spiral arrangement characteristic of the full-grown 
rb&jxgxe, and even the very first penetrated a stipule, like all the succeeding, but as the 
earnest leaf is rudimentary in form, so its stipule is a mere scale. Tarim's error arose 
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from his mistak e about the position of the stipule, which does not sheath its own 
petiole, but is always axillary to the leaf, and envelopes the next succeeding leaf. The 
first leaf is necessarily naked outside. 

The petioles of these early leaves already exhibit the peculiar thickened base so highly 
developed on the frill-grown rhizome; and the earlier adventitious roots break out from 
the interior of these thickened petiole-bases, like the bundles of roots on the adult plant 
(fig. 22). On the base of the petiole of the first leaf I found two rootlets; the petiole 
of the second leaf emitted three; those of the third, fourth, and fifth each four rootlets. 

The structure and development of the rudimentary stem on which these leaves and 
rootlets are borne, agree very closely with that of germinating Monocotyledons,—for 
instance, with that of the Grasses; the vertical section (Plate XXX. fig. 26) shows this, 
representing the scattered arrangement and crossings of the vascular bundles, and the 
absence of any pith. The vascular bundles of the rootlets (r r) are directly continuous 
with those of the stem; but, as in the full-grown rhizome, the vessels occupy the absolute 
centre of the root, according to the Dicotyledonous type, and do not form a ring round 
a central cellular axis, as in the roots of Monocotyledons. 

The mode of germination here described appears somewhat anomalous; but if, as the 
facts appear to indicate, the general arrangement of the axial organs approximates to 
the Monocotyledonous rather than the Dicotyledonous type, it is permissible to seek 
among the germinating seeds of Monocotyledons for parallels, in spite of the presence 
of two distinct cotyledons here. The point of view I should feel most inclined to take 
is, that while two cotyledons do actually exist, these become dissolved in germination^ 
the primordial leaf of the embryo assumes the usual characters of the single cotyledon 
of such Monocotyledonous embryos as those of Palms, its radicle and petiolar portion 
(tigelle) emerging from the orifice in the seed-coats, and giving origin, between the 
radicle and the base of the first leaf, to an elongated intemode upon which the second 
leaf is seated*. The chief difference would be that in the Palm embryo the bnd is 
enclosed in the interior of the * tigelle * of the cotyledon, while in the Victoria the bud 
is naked on the side of the * tigelle, 1 opposite the primordial leaf (or third cotyledon), so 
that it need not break out from the interior of the elongated * MgeUe, as in the Palm. 

1 The spiral arrangement of the leaves of the rhizom e, with their bunches of roots at 
the base of the^petioles, was described in my former paper, and attention was at the 


. ♦ Since the above was written, I have endeavoured in vain to obtain more specimens of germinating Beads 
of Victoria- I Have, However, observed in seedlings of a Nymphom the conditions described by Tjwfotrii and 
the authors of the ‘ Ylora Indies,’ namely, the cotyledons, soldered together, remaining in the aeed^eoat^ 
while the radicle Mid tigetk being pushed oat aa a simple process, soon farmed an ‘ elbow,’ atwhiob point 
the radicle and adventitious roots came off apd the second intemode rose up to> form the toft of leaves. 
My'Piotorw.may hence have been abnormally developed* Gbibebaoh, some yeaw ago (Annals of Natural 
History, i, 6) described ■the germination of IAmnmfkmum from dried specimen^) in thatcaee he sup* 
posed one of the 'cotyledons to reniain^in the seed end the other toemerge. The appearances presented by 
his dra wing s approach "very much those eriubited by ge rminating Nymph&aoeffi which is one more argu* 
ment for those who iodide' to beWfr : a^ tetter the Menyanthw ,;, \ 

* ^ 1 fiL m. , .1 ' * > 
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same time directed to the peculiarity of the position of the flower-stalks forming a spiral 
series midway between the turns of the spirals of the leaves, with each peduncle removed 
to one side of the axil of its subtending leaf. An examination of the terminal bud of 
the r hiz ome r end ered the relations of these parts clear to me. The leaves are arranged 
according to the formula , «. e. each succeeding leaf stands parts of the circum¬ 
ference of the stem to one side of its predecessor; hence thirteen turns are made round 
the stem before a leaf appeare immediately over any given one taken as a starting-point, 
and this leaf is the twenty-second in order of development from that taken as zero. 
In this arrangement numerous secondary spirals are formed according to the well-known 
laws of phyllotaxy. The mode of succession of the leaves is illustrated by the figure 
representing the upper end of the rhizome viewed from above (Plate XXVIII. fig. 4). 

In the pumcfom vegetaMonis the origin of the leaves and peduncles was readily seen with 
a moderate magnifying power (Plate XXIX* fig. 6; XXX . fig. 27). Each leaf arises as a 
conical papilla, very soon presenting three lobes, the middle one being the blade of the 
leafj and the two lateral the two points of the double axillary stipule (fig. 27 l; s, s, b). 
Very soon the blade of the leaf becomes distinctly bounded below by a constricted portion, 
and a ridge arises running across its inner surface from one stipule to the other; as the 
parts increase, this ridge rises up and forms the membranous axillary portion of the double 
stipule standing inside the petiole. The petiole soon becomes distinguishable, and as it 
elongates it removes the blade more and more from the axillary stipule. The gradual 
evolution, of the blade of the leaf, with its curious inrolled vernation, was traced, but 
demands no special attrition, except the - remark that the general plan-of vernation 
comm oftfte, rolling in of the edges towards the centre; but there is a complication in 
the details .frpitf a wrinkled or ‘ corrugated’ condition of the parenchyma in the areolro 
between the anastomosing ribs. In the specimen I examined, which was taken up 
covered with flower-buds, these latter were found of every size, diminishing to a conical 
papilla in the pmctwi vegetations (Plate XXX. fig, 27), but only the very youngest 
that could be distinguished stood in the axil of its subtending leaf. Where this existed 
the nascent organs were in absolute contact As soon as they become at all separated 
by the expansion of the apex of the stem on which they arise, the flower-bud is carried 
aw^y front thpaxil und Y takes its position, where it permanently remains, in the axil of the 
W,of the double stipule (Plate X XIX* fig* 6,/l,/2; Plate XXX, fig. 27). 
the reel explanation of the apparently anomalous position of the flowers referred 


' The sfrpulbs defeve' some uottp^ both'from their size and.! their condition. As they 
nlawfe with tWdsyelGtaniumt of the mowing axis: thev do not become defined below by a 



^a^ted base, but extend oneach side of the petiole , and form a sheathing strueture, 
^Caches at first nearly all round the stem (Plate XXVIII. fig, 4), and ultimately 
or cue-third of its'circumference. u This broad base is continuous below 
p^e^n pf the cortical structure pf the stem, and it is opposi^.these 

p6tes"of solid idssue'we found that Ae frmnp* 
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work of the excavated structure of the rind*. As the stipules enlarge, they overlap 
their neighbours to some extent. The left-hand half of each double stipule lies over 
the outside of the right-hand half of the one older than itself, and its right-hand half 
is in turn overlapped by the left-hand half of its successor; as this right-hand half has 
the flower-bud in its axil, the latter becomes furnished with a double covering, which, 
as the stipules converge inward above, completely encloses and protects the flower-bud 
until it is pushed out by the elongation of the peduncle. The general character of the 
stipules is shown in the drawings. Each apparently axillary stipule is distinctly double, 
and the two halves are, when mature, connected by a membranous plate running across 
the axil, w hich base is quite unconnected with the base of the petiole (Plate XXVM. 
fig. 8). Each half of the compound stipule has a very distinct midrib, which forms an 
q.T'gr nlfl.r projection in the earlier, more folded state of the organ. It was stated in the 
former paper that the spiral-fibrous structure soon disappears in the ducts and vessels 
of the leaf-stalks. This is not the case in the stipules, which exhibit perfect vessels- 


when fully developed. 

To this paper are appended some illustrations of the elementary structure of the 
petioles and of the arrangement of the tissues, which do not require further notice here 
(Plate XXXII. figs. 59-61). 

The external aspect of the stem is rendered somewhat peculiar by the mode of 
arrangement of the roots, which arise in dense tufts or bundles at the bases of the 
petioles. The manner in which they emerge from the stem is highly curious, and 
nnlilcp any other case with which I am acquainted. 

The roots are adventitious, and arise in the peripheral part of the central substance 
of the stem, just below where the fibro-vascular bundles run out to the petioles. No 
trace of the roots is visible externally until the leaves, especially the petioles* have 


acquired considerable dimensions (Plate XXYIII. Jg. 4); then it is observed, that the 
cortical substance of the stem is protruded iso as to form a kind of knob at the base of 
the leaf-stalk ^ or perhaps it may be best described by comparing it' with a highly* 
protruding under the point of origin of the leaf-stalk (Plate X X I& t fig; 8). 

Ultimately a vertical fissure is perceived in the * protuberance, the sides of Which gradu¬ 
ally separate, with rounded edges: like lipsj leaving an elongated elliptical slit, at the 
bottom- of which are seen the points of- the nascent roots (figs. 11,12)* The roots, 


densely crowded, make their way out, the oldest at the lowest part, and they are given 
out in such rapid succession that'they form a close bunch. As they emerge and expand, 
t^ey convert the vertical slit into a large rounded bordered orifice (figs* 15,16). - During 
the subsequent growth of the roots, the protuberance keeps firm and forms a large pro¬ 
jecting knob but their mutual pressure gives the bases of-the roots an-angular fbn% so 
that when they becotne detached -on the "decaying parts of the stem, thefr ends form the 
six-sided areol© shown in the ijlustrailion of my former paper/ • ; \ ; 

It has been noticed abpvethateven the earliest; roots, the bundles of-which consist 

*", i / 
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of only two to four rootlets, break out in the same way from the bases of the petioles 

of the ger minating plant (Plate XXIX. fig. 22). 

Unlike tho petioles, the roots retain the proper character of their vascular structures, 
and in these, as above noticed, they afford a further evidence of the systematic position 
of the plant. In the fibro-vascular cord running up the centre of the roots, the spiral 
•vessels are collected in the centre of tho bundle, as in Dicotyledons (Hate XXIX. 
fig. 17, Plate XXXI. fig. 53), whereas in Monocotyledons they stand at the circum¬ 
ference of the bundles. The arrangement of air-chambers, so remarkable in all parts of 
Victoria, is especially elegant in the roots (Plates XXXI. & XXXII. figs. 51—66). 

The development of the flower was traced from tho earliest period at which the organs 
could be di stin guish ed. In the youngest bud (Plate XXX fig. 27), about ^th of an 
inch in diameter, the peduncle was surrounded by a circle of nascent foliar organs, 
which did not then cover-in the growing apex. Seen from above, this circle was found 
to consist of five organs (fig. 28), that is, of the four sepals and the first petal. They 
stood distinctly in a spiral order (fig. 29), in the succession as regards ago indicated in 
tho figure. Within these were a few rounded papillae continuing the spiral, but soon 
lost in the rounded jpwiofom mgetaUonis of the bud. This bud showed clearly that the 
primary arrangement of the organs here is a spiral, and that this spiral is continued 
from the imbricated calyx into the corolla, whore tho arrangement is on a complex phyl- 
lotactic typo. 

In the next bud (fig. 30), the four sepals had grown up so as to enclose tho younger 
organs, and they now occupied the whole crrcumfercnce of the receptacle. In the inside 
of them appeared nascent petals, and at this time the whole centre was occupied by 
minute papiUseform rudiments of organs. Pig. 31 shows the succeeding stages; and 
when we come to fig, 32, the centre of the receptacle appears naked,—the first step 
toward the production of the peculiar structure on which the floral onvelopes and sta¬ 
mens are ultimately elevated. 

When the bud is about -^th of an inch in diameter (fig. 33), the centre of the recep¬ 
tacle exhibits a dome-shaped smooth surface bopndod by a raised rim, on winch are 
supported tho stamens and petals, bounded externally by tho calyx. In tho next bud 
(fig. 34) the centre of the receptacle had risen up in a conical form, and the internal 
surfeee of the annnlfl.r ridge was marked by fine grooves, indicating the formation of tho 
free edges of the carpels. 

It is unnecessary to describe at length the details of the successively older buds, as 
their important difference is dearly shown in the drawings accompanying this paper 
(Plates XXX. & XXXI. figs. 84-60). It will be sufficient to notice two or three points. 

The carpels are never completely free from the receptado, except at the edges which 
form the stigm&tic lines, which lines are carried up on the internal surface of the ring 
sunfounding the ovary, to the ‘horns* which stand inside the stamens. The ‘horns* 
Appear to consist of the points of the carpellary leaves. As regards the cavities of the 
ovary, they at first point somewhat obliqudy upwards, but gradually, by the devdop- 
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ment of the centre of the receptacle into the columella, they become horizontal, and the 
horizontal stigma tic lines must be regarded as the ventral sutures of the carpels. The 
upper portion of the carpels, adherent to the annularly raised part of the receptacle, is 
developed in a remarkable manner. The central columella is originally conical, but it 
soon exhibits a constricted base, tapering downward in a reversed conical form. The 
inner surface of the ring, as it were, moulds itself in this, and sends in a ridge-like pro¬ 
cess, which fits into the hollow at the constricted base of the columella. Afterwards, as 
the receptacle expands, this ridge, pointing downwards, is drawn away from its original 
position, but still continues to grow; the stigmatic lines are seen first running horizon¬ 
tally out over the cells of the ovary, next turning inwards, then curving round the ridge 
upwards, until ultimately they are lost at the base of the circle of 4 horns bordering the 
annularly raised receptacle. 


From the foregoing account it is evident that the inferior position of the ovary of 
Victoria is only apparent, and that the structure consists of a circle of numerous distinct 
carpels collaterally united and imbedded in an enlarged receptacle which runs up in a 
circle around them, carrying up the stamens and floral envelopes, and likewise rising 
into a columella in the centre, where its expansion carries up to some extent the bases 
of the carpels and brings them into an oblique and almost horizontal position. This 
removes any difficulty which might arise in considering the relation of this genus with 

others where the ovary is distinctly superior. 

Many other particulars of less consequence were observed, which for the most part 
have been correctly explained by preceding observers; such are the structure of the 
orifices fo und in the leaves, called by Planchon * stomatodes,’ the form of the pollen, &c. 
For ah account of these we refer to M. TbiScul’s memoir*. 

In conclusion, I must briefly allude to the bearing of the facts contained in the present 
paper upon the systematic position of the Nympheeacese. Notwithstanding that the 
anatomical character of the roots adds one more Dicotyledonous feature to the character 
of these plants, I am more inclined than ever to regard the structure of the' rhizome as 
conforming to the general type of the stein of Monocotyledons rather than, to that of * 
Dicotyledons, among which I have found nothing at all like it But I do not consider 
that this character alone can deride the position of the Order, the majority of whose 
characters are, on the contrary, clearly Dicotyledonous; it merely brings it into the 
* position of a link between the two classes, which are by no means so markedly separated 
’ ;from each other as is often supposed from the mode of their arrangement in Systematic 
works, j A, further attempt at the settlement of the true affinities of this Order, does, not 


oome within the scope of the present paper. 
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Explanation op the Plates. 

PLATE XXYIH. 

Pig. 1. Side view (reduced) of tho rhizome of Victoria regia , with the older loaves and 
flowers cut oft This drawing shows the bundles of roots coming out from 
the bases of the petioles, and the young leaves emerging from the largo 
sheathing stipules. 

Pig. 2. Portion from the centre of fig. 1, showing that the growing point is covered up 
by the large sheathing stipules: the stipule * is axillary, and belongs to the 
leaf of which p is the petiole; / is the base of a flower-stalk axillary to the 
leaf of which p” is the petiole, and whose stipule is removed. 

Fig. 8. A sketch showing the axillary position of the stipule and its double nature, 
having a rib or keel on each side of the petiole. 

Fig. 4, View of the summit of the rhizome, with the loaves, stipules and peduncles cut 
oft dose to their origin ; showing the arrangement of the organs, the mode 
in which the stipules cnshcath the succeeding parts, and the gradual evolu¬ 
tion of the bundles of roots from the bases of the petioles. 

PLATE XXIX. 

Pig. 5. Magnified view of th epunctwm vegetatiome of the rhizome:—^ 1 ,/*, flower-buds, 
shifted into the axil of the right-hand half of the stipules; s l s\ the base of 
the sheathing stipule of an outer (removed) leaf; a* s 3 , the base of another 
removed leaf; s 8 the stipulary portions, and the blade of the next leaf, 
within which are several other still more rudimentary leaves,—the control 
one still a simple papilla. 

Fig. 6. A young leaf, magnified (ns ) of the natural size). 

Pig. 7. Another, more advanced, also magnified. 

Fig. 8. A more advanced leaf, with its axillary two-kecled stipule and swollen base. 

Fig. 9. Side view of a similar leaf and stipule. 

Fig, 10, Terminal bud enveloped in stipules, with all the leaves older than fig, 8 
removed; showing the relative degree of development of tho pedunclo and 
flowejvbud/. 

Fig. 11. Base of a petiole about the same age as in fig. 9, with the early appearance of 
the fissure whence the roots emerge; the petiole at this time jth of an inch 
in diameter. 

Fig. 12, More advanced stage; petiole now half an inch in diameter, and the blade of 
the leaf 2 inches long. 

Figt IS. Side view of a more advanced stage. 
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Fig. 14. Side view of the blade of the leaf in fig. 8. 

Fig. 16. .Base of a petiole and bunch of young roots, natural size, side view. 

Fig. 16. The same, seen from above. 

Fig. 17. Perpendicular section through the base of a petiole, as in fig. 16 i showing the 
course of the vascular bundles of the leaves (d) and those of the roots (vr). 

Fig , 18. A seed, natural size. 

Fig. 19. Vertical section of a seed, showing the embryo (e) lodged in an excavation of 
the perisperm. 

Fig. 20. Emb ryo (magnified) removed from the seed, but still enclosed in its amniotic 
sac;— 0 , from below; 5, side view; <?, vertical section, showing the amniotic 
coat and the cotyledons, with the plumule in the middle. The figure ns 
indicates the natural size of a. 

Fig. 21. Embryo (magnified) with the amniotic coat removed, showing the distinctly 
Dicotyledonous structure .*—a, side view; from above; c, from below, with 
the central boss-like radicle; d, cotyledons separated to show the plumule; 
0 , one cotyledon only turned down; /, plumule laid bare in side view. 

Fig. 22. Germinating plant, with the petioles, of the leaves 3, 4, 6, 6: 2 is the scar of 
the removed second leaf, with a minute scale-like axillary stipule remaining ; 
the remains of the first leaf would appear on the other side of the stem. 

Fig. 23. The seed, with the base of the germinating plant emerging from it radicle; 
stem (tigelle); nat. size. 

Fig. 24. Front (A) and back (B) view of the base of the germinating plant, magnified: 

—-pj, the portion contained within the coats of the seed in fig. 23, and appa¬ 
rently corresponding to/in fig. 21. 

; Fig, 25. Another andmpre enlarged view; of the same .structurer, radicle; o, oper- 

‘ * eulum; ^/primordial leaf$ jfl, first intemode; d, second (rudimentary) leaf; 

" f2j second interriode, 

* i - r i t 

V . h 

lx 1 { I f 






Fig/26. Perpendicular section of the yotmg stem,represented by fig. 22/'showing; the ^ 
pseudo-Konoootyledonpus arrangement of the vascular buiidles, except in the 
rootlets rr, where they- occupy the absolute axis. 

Fig, '27. Pmctnm vegetaMmis of the rhizome, highly magnified i— l, a rudimentary leaf * 

, •- turued back, sowing the relative development of the blade 5, and the'stipu- 
; lary portions $ 3,—the petiole not yet developed; radimentaiyfiower-bud. 

3%-28. The ficwer-bud/in fig.^^^^^ " . ,, ,, ^ , v 

Hg* 20. Diagram of the arrangement of the four sepals' and fimt petal, shovping it to be 

Fig; SO; perperidi<5ulaj: seCtipu of i. ( fipwer-bud rather older, tn this and the , 
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Fig. 31. A somewhat more advanced flower-bud:— a, seen from above, with the sepals 
turned back ,* 6, porpendicular section; c, perpendicular section of one rather 

older. 

Figs. 32-35. Successively more advanced stages. 

Fig. 36. Perpendicular section, as in fig. 36, with the columolla cut out to show the 
carpels. 

Fig. 37, Perpendicular section of the elovated receptaclo in fig. 30. 

Kg. 88. Horizontal section of fig. 37 at x, showing the carpels open internally. 

Kg. 39. An older bud, 

Fig. 40. Cross section of its ovarian portion, showing the carpcllary cells dosed. 

Figs. 41-43. Successive stages. 


PLATE XXXI. 

Figs. 44, 46. Successive stages; 46 6, cross section. 

Fig. 46. Magnified fragment of b in fig. 46. 

Fig 47. Perpendicular section of a fuHydevdoped flower-bud, showing only one-half. 
Fig. 48. Magnified horizontal section of fig, 47, at a . 

Fig. 40. Section at b. 

Fig. 60* Section at c. 

Fig. 61. Cross section of a young root. 

Kg. 62. Magnified view of a portion of ditto* 

Fig. 63. Centre of ditto, more magnified. 


PLATE XXX3X 

Fig. 64. Spongy cortical parenchyma, as in figs. 62 and 68, magnified 60 diameters. 

Fig* 66. Perpendicular view of one of the septa in fig. 54, magnified 60 diameters. 

Fig, 66. Perpendicular section of the origin of a root;— vb, central vascular cord; 
l, large lacunas. 

Fig. 67. Portion of a vascular bundle, near the Origin of a root-bundle; magnified 200 
* v diameters, 

5& perpendicular section of l in fig. 66, showing that the kconcs of the roots do 
. ^ afcftfo oonuaunicate with the wr-caviti.es in the stem, and that the walls are 
fi&lcteoied a sojfc cuticle t jnagnified 100 diameters, 

Fig, 59, Cross section of a petiole. 

Pig. 60. The same, magnified: thewhite spaces are ahvcenalsj the shaded spaces fibrous 
bundles, composed of dense cellular tissue. 

JSJgbly magnified fragment enclosed in the square space of fig. 60. 
section of a flower-stalk. 
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ifcsftyiriBDcn of the quantitative relation of the organs or parts, and of the ultimate 
and, ^dsdpyate composition, of animal bodies, is of great interest in many points of view. 
Mss '^accurate conceptions on these subjects, are essential to the Chemical 
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Physiologist, in deter mining the relations of the system, to the matters ingested as food; 
nor is such knowledge an unimportant element in studying the changes which the 
latter undergo, and the offices they subserve, in their passage through the body. 
Especially, is a knowledge of the general composition of the animals slaughtered as 
human food, of great importance in the application of Chemistry and Physiology to 
Dietetics. This, indeed, is a branch of applied physiology, so to speak, which, owing in 
great part to the attention drawn to it by the labours of Boussingault, Mulder, and 
Liebig, from fifteen to twenty years ago, may be said to have entered upon a new era 
about that period. It is, moreover, daily gaining ground, both with the Physician and 
the Economist. To the Farmer, too, who is engaged in producing animal food for the 
consumption of the community at large, it is very desirable to know something of the 
chemical relations of the substance so produced and sold, to the constituents expended 
in producing it. In other words, he should possess some data for determining what is 
the probable proportion of the consumed food, or of its several constituents, which he 
recovers in the form of meat how much he may calculate as tji&tiutq • and how much 


as expenditure or loss by the feeding process 1 

It is obvious, that these comprehensive factors involved in the great question of animal 
nutrition, may he sought, individually, or collectively, and in various ways. For valu¬ 
able contributions on special points, we are indebted to Dulong and Despretz, to Allen 
and Pefts, to Dumas and Milne-Edwards, to Andral and Gavarret, to Regnault and 

ReISET, to COATHUPE, SCHARLING, VlERORDT, MARCHAND, BeCQUKRKL, LkCANU, CllOSSAT, 
BischofF, Persoz, and others. For the study of the subject in its more collective form, 
we are indebted, more particularly, to Lining, to Dalton, to Boussingault, to Liebig, 
to Play fair, R. D. Thomson, Paten, Valentin, Simon, Bidder and Schmidt, Barhal, 
and Lehmann. So far as the animals of the farm are concerned, the labours of Bous¬ 
singault, E. Wolff, Ritthausen, and Hennbbbrg, stand prominent for persevering 
experimental research; whilst to Liebig we owe much for the stimulus given, and the 
disc ussion incited, by his generalizations on various branches of animal chemistry. To 
Lehmann again, independently of his own original researches, we are indebted for a 
systematic review of the labours of others; and we are glad to have the sanction of one 
who has ably executed the task herein implied, to the importance, under the existing 
conditions of our knowledge, of the statistical method of inquiry. Thus, he says— 

« As long as zoo-chemistry and the theory of the juices continue to occupy their pre¬ 
sent subordinate position, the only method by which the foundation necessary to an 
exact investigation can be obtained is that which we may term the statistical. Liebig, 
Boussingault, and Valentin have indeed, with a more correct view of what was 
required, attempted to compare the final effects of the whole with, the material sub¬ 


strata.supplied to the organism. We cannot* it is true, arrive at any conclusion 
regarding the working of the , process itself by a mere juxtaposition and quantitative 
Comparison of theJngea^a and excreta of the .animal organism, any more than we can 

+■ _ r l ^ ^ 5 . w? .+ f -- . fj' jt, - -l \ j ^ ^ - l -i_ * 1 t _ _ _ I n 
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such experiments furnish ns with certain general results which serve ns guides to further 
investigations *. M 

The statistical method itself, may, however, be very variously earned out. It may be¬ 
sought to determine the several separate factors coincidently upon one and the same 
animal, placed under given conditions. Or, they may be investigated, either one b) 
one, or coincidently, upon a large number of animals, so as to exclude, as far as possible, 
the influence of special circumstances, or of individual peculiarities. We have found it 
necessary to have recourse to each of these modes of opeiation. 

Our more immediate branch of the subject on the present occasion—that of Animat 
Composition —obviously constitutes but an item in a geneial inquiry into the chemical 
statistics of animal nutrition. Such an inquiry, looking at it from an agricultural point 
of view, we have considered as involving the following distinct objects of research: 

1st The amount of food, or its several constituents, consumed in relation to a given 
weight of animal within a given time. 

2nd. The relation of the gross increase in live-weight, to the amount of food, or it*< 
constituents, consumed. 

3rd. The comparative development of the different organs , or parts , of fattening 
animals their final ultimate and proximate composition -and the piobable compo¬ 
sition of their gross inorease of liveweight , during the feeding process. 

4th. The composition of the solid and liguid excrements —that is, the manure in 
relation to that of the food consumed. 

5th. The loss or expenditure of constituents, by respiration, and by the cutaneous 
exhalati ons—that is, in the mere sustenance of the living meat and manure-making 
machine. 

The general plan of experimenting adopted may be briefly described as follows:— 

Some hundreds of animal s, Oxen, Sheep, and Pigs, were supplied, for many weeks 
consecutively, with given quantities of food of known composition. The weights of 
the animals themselves were also taken, both at the beginning and at the end of the 
experiments. The data were thus provided for ascertaining the amounts of food, or of 
certain of its constituents, which were consumed in relation to a given weight of ammal 
within a given time , or which were required to yield a given amount of gross increase 
in liv&weight. Host of the results relating to these first two branches of the main, 
inquiry, have been published in detail elsewhere*|*; and we shall have to adduce only a 
condensed summary of them, when we come to apply the more special results of tho 
present Paper. 

To ascertain the relations, and the tendency cf development, of the different parts of 
the system, the weights of the organs, and parts—also of several hundred animals— 

• Qavendish Society’s translation of Lbhmajw’b Physiological Chemistry, voL i. p, 14. 

^ flfournal of the Royal Agricultural Society of England, vol. x. part 1; vol, ui. part 2; voL xiii. part 1; 

72 r yoL xvi. part 1. Report of the British Association for the Advancement of Science, for 

* 'T^ 
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were determined. It is one of the objects of the present Paper to treat of the 
summaries of the results so' obtained; and the details will be given for reference in the 

Appendix. 

To determine the ultimate composition, and in a sense the proximate composition 
also, of Oxen, Sheep, and Pigs, and to acquire the data in such maimer that they 
might serve to es tima te the probable composition of their increase whilst fattening, was 
a labour obviously too great to be undertaken with a large number of such animals. 
A few individuals only, of each of the above descriptions of animal, but in different con¬ 
ditions of maturity, were therefore selected for the purpose. It is to the methods, and 
to the results , of the analysis of the animals so selected, and to the application of the data 
thus arrived at, that we shall have chiefly to address ourselves on the present occasion. 
Ten irrimnla were submitted to analysis. Those taken were— 

1. A Fat Calf;—of the Durham breed; 9 or 10 weeks old; taken from the dam feeding 

upon grass; killed September 12,1849. 

2. A Half-fat Ox;—Aberdeen breed; about 4 years old; had been fed on fattening 

food, but had grown rather than fattened; killed November 14,1849. 

3. A moderately Fat Ox;—Aberdeen breed; about 4 years old; fed on fattening food; 

killed October 30, 1849. 

4. A Fat Lam b;—Hampshire Down; about 6 months old; killed August 17,1849. 

6. A Store* Sheep;—Hampshire Down; about a year old; killed February 28, 1850. 

6. A Half-fat old Sheep;—Hampshire Down Ewe; 3J years old; killed May 3, 1849. 

7. A Fat Sheep Hampshire Down; 1J year old; killed May 7, 1849. 

8. A very Fat Sheep;—Hampshire Down; 1J year old; lulled December 13, 1848. 

9. A Store* Pig; killed May 12,1860. 

10. A Fat Pig; same litter as last; fed on fattening food for 10 weeks; killed July 18, 


1860, 


The still r emaining points of the main inquiry are:—first, as to the composition of the 
solid and liquid excreta, in regard to which we have collected much experimental data, 
which must form the subject of a separate Report:—and, secondly, as to the proportion 
of the food-constituents expended or lost by the respiratory and other processes. The 
latter amount is obviously the complementary quantity making up the constituents 
consumed, those assimilated being estimated, and those voided in the solid and liquid 
form deter min ed experimentally, and the sum deducted from the whole amount of the 
solid and liquid ingesta. 

After this brief outline of the scope of the main inquiry, of which the subject of the 
present Paper constitutes but a branch, it will he sufficiently understood, that it was 
chiefly with a view to the agricultural bearings of the results, and to their connexion 
with collateral investigations, that the researches now to be recorded were planned and 


executed. So Leno^mojas, indeed, has been the labour necessarily expended in so deter- 
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minently in view, that it was found quite out of the question to comprehend in the 
inquiry much that otherwise would have been desirable. Attempts were in fact made, 
to associate with ourselves a Veterinary Physiologist, but the undertaking was found to 
be impracticable. Still, it is hoped, that the analytical labour of several years devoted 
to such a subject, though it may lack the special direction of either the Physician or 
the Physiologist, may yet supply important facts to both. We have, then, only faith¬ 
fully to record the mann er and circumstances of attaining our results, leaving it to 
others to determine, to what they are, and to what they axe not, applicable, beyond that 
to which we ourselves apply them. 


SaoTHMr n.—METHODS OF EXPERIMENTING, ANALYSIS, ETC. 

The following is an outline of the plan adopted, in deter m ini n g the actual, and 
proportional weights, of the organs and parts of the numerous animals operated upon 
with that view, and in determining the composition of the ten ani ma l s which were 
further analysed. 

1st- Determination of the Original or Fresh-weights'of the Entire Bodies, <md of the 
Internal Organs, and other separated Parts, of Cakes, Oxen, Lambs, Sheep, and 
Pigs. 

After being fasted eighteen to twenty-four hours, the weight of the animal was taken, 
immediately before being killed. This weight, is that which is afterwards spoken of as 
the “Faded-weight” or the “Faded Line-weight” It is in relation to this Faded Live* 
weight, that the percentages of the organs, or parts, or of the several constituents of the 
animals, are calculated. 

The animal being killed, and the blood then flowing carefully collected and weighed, 
the different organs and parts were separated by the butcher in his ordinary way; but 
with more than usual care, and with particular attention to uniformity in the manipula¬ 
tions. The weight of each part was taken as rapidly as possible after separation, in 
order that the amount of loss to be attributed to evaporation might bo reduced to the 
minimum. The weights so taken, constitute the Actual Fresh-weights ; and when 
these are calculated to the Fasted Line-weight as 100, they are called the Percentage 
Freshrwdghts. In the Tables, however, for the sake of convenience, the different parts 
are classified, in the butcher's way, into “ Carcass,” and “ Offal.” 

La Calves and Oxen, Lambs and Sheep, the “ Offal ” includes the head, the feofc, 
and the skin, as well as the whole of the internal organs or parts, excepting the 
kidneys, and the fat in which they are embedded. The “ Carcass,” in the case of these 
a ptoa te, comprises, therefore, the whole of the skeleton (excluding the head and feet), 
a whole of the muscles, membranes, vessels, and flit, attaching to it; also the 
fat surrounding them. The so-called “Offal” of the Pig, however, 
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does not include either the head, the feet, or the skin. In its case these parts £uc 
weighed with the Carcass; and its Offe! consists, therefore, only of the internal organs 
and parts, exclu ding the kidneys and kidney-fat Such a classification of the parts of 
the animals, into Carcass and Offal, is, of course, to a certain extent, arbitrary. But, 
whilst its adoption will not interfere with the study of the results in their more physio¬ 
logical or scientific bearings, it will much facilitate the perception of their practical and 
economic application. 

Freslnveights, as here described, both actual and percentage, have been determined in 
the cases of 18 Calves, Heifers, and Bullocks, 249 Sheep, and 59 Pigs. Attention will 
be called to a summary of these results further on in the course of our Paper; and the 
de tails will be given for reference in the Appendix (Tables XV.—IXIV. pp. 594 6 i /). 

So much for the separation, the determination, and the calculation, of the weights of 
the fresh m a tters- We have next to describe the further treatment of the fresh matters 
themselves, in the case of the ten animals submitted to further analysis. 

2nd. Determination of the Water, and Crude Dry Substance , in the Anireials Analysed. 

Half of the Carcass, and the whole of every separated organ or part comprised in the 
Offal, were in each case operated upon. The half-carcass was separated into 

(a) -Flesh and fat: 

(b) Bones: 

(c) Kidney and kidney-fat. 

After being cut up, as required, these Carcass parts separately, and each of the sepa¬ 
rate internal organs or parts constituting the Offal, were put into a large water-bath, and 
were arranged in it in such a manner, that the fat which melted from any one, or any 
number of the* parts, could be collected and weighed separately at pleasure, in vessels 
p lace d und er them, for that purpose. After being kept in the bath at a temperature of 
212°- Fahb., for several days, those parts which still retained a large quantity of fat 
were tied up in a dried and weighed canvass-cloth, and squeezed in a screw-press. The 
farther fat so obtained, was added to that obtained from the same parts by melting 
only. The whole of the separated frit, after a little further exposure to the heat of 
the water-bath, was then weighed j and this, together with the amount retained by the 
press and cloth, which were weighed both before and after the operation, constitutes 
the weight of the melted and expressed fat, as given in the Tables. The remaining 
crude dry substance, generally, still retained a considerable amount of fat But, 
excluding the bones, which bad to be first otherwise broken, all these dried parts were 
; now in such a state' as to allow, of being ground through a steel mill , made fix the 
purpose, into a coarse but manageable powder. This, then, is the crude dry substance, 
excluding indited andekpressed fit. , 1 \ 

ip 1 *''" . . . - S i. ' ** „ V „ * ii ^ ( > 
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3rd. Treatment of the Crude Try Substance. 

Accurately calculated and weighed proportional parts of the whole of the respective 
crude dry matters were taken as follows *. 

(a) For the determination of the Ash of each separated part. 

(J) For a mixed sample of entire Carcass Parts , for analysis as such. 

(c) For a mixed sample of entire Offal Parts . 

(d) For a mixed sample of the Entire Animal that is, including both Carcass 

and Offal parts (but of course excluding the melted and expressed fat). 

The remaining portion of the crude dry substance of each separated part is preserved 
as such. 

4th. Determination of the Mineral Matter , or Ash 

The proportional part of each separate crude dry substance weighed out for ash , was 
burnt in a platinum dish, 10 inches long and 6 inches wide, placed in a cast-iron muffle 
heated by coke. The weight of the ash of each separate part being taken, proportional 
parts of the respective ashes were weighed out, and mixtures made, as follows*.— 

(a) Of the ashes of all Carcass parts. 

(5) Of the ashes of all Offal parts. 

(o) Of the ashes of all parts j that is, of the Entire Animal. 

The remaining ash of each separate part is preserved as such. 

5th. Determination of the Fat not separated by melting and expression, and which still 
remained therefore in the separate , and proportionally mixed samples, of the crude 
dry substance. 

This r emaining Fat was determined by extraction with ether. A portion, amounting 
generally to about 4 or 5 grammes, of the crude dry substance , was weighed in a small 
porcelain capsule, and the hygroscopic water determined by drying in a water-bath at 
212°. The re-dried substance was then transferred into a small flask, and the capsule 
rinsed into it with ether. More ether being added, and the flask lightly closed, the 
mixture was digested for some time, and then thrown upon a weighed filter. The filter 
and its contents were first washed with the ethereal rinsings of the flask, and f i na ll y with 
pure ether, until the filtrate no longer stained bibulous paper. The ethereal filtrate, 
containing the dissolved fatty matter, was collected in a small balanced flask, the ether 
distilled off over a water-bath, and the flask with its fatty contents, after being fully 
dried at 212°, was re-weighed. The filter, containing the matters insoluble in ether, was 

** The statement of the method of preparing the ashes of the collective parte given in the text, applies to 
the animals operated upon, excepting the two pigs. Of these, the collective carcass, the ool- 
entire animal ashes, were made by burning, at one process, carefully made mixtures of 
the prO^x^0^^air|i of the respective crude dry matters, 
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also dried and re-weiglxed. The hygroscopic water, the fat, and the matters insoluble 
in ether, were thus all estimated upon the same weighed quantity of crude dry Bub- 
stance. A very good control was therefore obtained of the accuracy of the fat determi¬ 
nations. Moreover, two or more analyses were always made of each specimen. The 
results of these Tat determinations will be found tabulated in detail in the Appendix 
(Table XIII. p. 692). 

6th. Determination of the Nitrogen. 

The rdtrogen was determined by burning with soda-lime, and collecting and weighing 
as the double chloride of platinum and ammonium, in the usual way. The crude dry 
matters in which the nitrogen was determined, were, for the most part, as under*:— 

(a) Mixed Carcass parts, without bones. 

(h) Mixed Carcass Hones. 

(c) Mixed Offal parts, including bones, if any. 

(d) Hair or Wool. 

(e) Mixed parts of the Entire Animal, excluding hair or wool. 

It will be obvious, that, owing to the heterogeneous character of these mixed speci¬ 
mens, very great care was requisite, both in the preparation of the mixtures themselves, 
and in taking the weighed quantities for analysis. Duplicate nitrogen determinations 
were always made, and the individual results are given in the Appendix (Table XIV. 
p. 693). 

* 

7th. Constituents of the Ash determined. 

The substances determined under this head were— 

- „ „ (a) Phosphoric acid- * - ' 

- - _ r • _ (£) Potash aid Soda. 

(c) lime and Magnesia. 

’ - ’ _ (d) Matter insoluble in acid. , \ 

i 

As the results of the analyses of the animal-ashes must form the subject of a separate 
Paper, the description of the methods adopted need not be given here. ■ 


The experimental results obtained by the methods above described are given for 
reference, in full detail, in the Appendix. The discussion, seriatim , of the voluminous 
data thus provided, would tend rather to embarrass than to facilitate the perception of 

' f ' , ' 1 „ - s 


W The exceptions were the cases of the two Pigs. In these, the sample of mixed xpoaesparfe, upon 
whiish determined, included all the hones, excepting those of the head end feet $ A separate 

mixed and, feet, including both soft and hdny pwrfc« r ex^p^ng the tongue and 

• Wains/ ittfaed parte in the aainples/prepar^ for ni^ogan determinationfl, 
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the main and more prominent facts and conclusions, which the investigation, as a whole, 
is / nbminfed to establish. We shall seek, theiefore, to biing these to view by reference 
to a series of Summary Tables only. The first point to be illustrated, is the percentage 
composition of the ten asumdU aetudBy analysed. This is shown in Tables I. to YU. 
mdnsive; in which we have recorded the percentages—of mineral matter, of fat, of 
nitrogen or nitrogenous compounds, of total dry substance, and of water in certain 
/.lLEtfioA parts, and in the entire fisted live-weight, of each of the ton animals. 


Sionos in —THE MINERAL MATTER—IN CERTAIN SEPARATED PARTS, AND IN THE 

ENTIRE BODIES, OF 10 ANIMALS ANALYSED. 

In Table I. is given the percentage of mineral matter in the fresh caicass, in the fresh 
total oflfcl parts, and in the fasted live-weight, of each of the ten animals; there is at 
the ggmft time shown, the distribution of the mineral matter in certain classified paits of 
these collective weights. But, as Borne of the points of general interest can be moie 
easily studied by leference to the results given in a still moie summary form, they are 
so aiianged m Table EL In this second Table, the only subdivision of the caicass, the 
offal, and the entile animal, respectively, is into*— 

{a) Elesh, membiane, &c., or soft parts: 

(5) Bones: 

(o) Hair or wool (if any). 

It has already been explained, that in all the animals, except Pigs, the so-called oar- 
which comprises the most important edible poitions, is generally understood to 
includft the whole of the frame (excepting the head and feet) with the flesh and fat 
prihprrng to it, and, m addition, the kidneys, and the fat in which they are imbedded. 
Thus, the head and feet, the akin, and the whole of the internal organs or paits, except 
the kidneys, constitute the u offal” In Pigs, on the contrary, the head, feet, and skin 
aie weighed with the Carcass. For the sake of the better comparison of the composi¬ 
tion of pigs with that of other animals, the constituents of their head and feet are, in our 
Tables, included with those of the offal parts; but for refoience, so far as the mineral 
matter is concerned, the percentages for the pigs are given, at the foot of Table I, 
on the assumption that the head and feet, as in usual practice, are included with the 
carcass. 


* For the actual amount of mineral matter, or ash, due to each organ or part, as separated m tho original 
dissection of the animals, see Tables I, to X. inclusive in the Appendix (pp 580—589); and for the per¬ 
centage amount m the separate parts, see Appendix, Table XU. (p. 591) 
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Looking first to the percentage of mineral matter, obtained by incineration, in the 
so-called Carcass, it is seen, as was to be expected, that the bones yielded by far the 
larger portion of it The total soft parts , indeed, in most cases, provided only about 
one-fifth to one-seventh as much mineral matter as the solid framework of bones. The 
proportion of the whole mineral matter which was obtained from the soft parts, was, 
as well with bullocks, sheep, and pigs, the less the more matured the animal—that is, 
the fatter; and it was much the greater in the lean condition. Thus, in the store 
or lean sheep, and also in the store pig, the soft parts of the Carcass yielded some¬ 
what more th*yn a third as much ash as the bones. On the other hand, in the J'attcst 
sh eep there was less than one-seventh, and in the fat pig only a fourth as much minoial 
matter derivable from the soft parts as from the bones. That is to say, it is with the 
nitrogenous matters of the soft parts, that the constituents yielding ash on incineration 
are shown to be associated. In what chemical relation the several ash-constituents stand 
to these nitrogenous matters, it is not within the scope of the present inquiry to deter¬ 
mine. But, it is probable, that at any rate some of them (for example, the sulphuric, 
fljid perhaps the phosphoric acid also) are, in a greater or less degree, products of the 
incineration. This remark may apply to the ashes of other parts also. To what extent 
there may be a loss of certain mineral constituents, when, as is usually the case, it is 
sought to collect the whole by the process of incineration, depends in part on the 
mineral composition of the substance, but also on the conduct of the incineration itsolt. 
The ashes here in question were, however, prepared with great core, and at as low a 
temperature as possible, so as at least to avoid all unnecessary source of loss. It seemed 
desirable to call attention to these points, that in assuming, as is usually done, that the* 
total mi ner al matter of a-uimfll and vegetable products is represented by the amount of 
ash they leave on burning, no more of exactitude should be attributed to the assumption 
than is really due., 

To proceed: in Table EL the total ash of the Offal parts is divided into—that of the 
soft parts exclusive of hair or wool, that of the bones, and that of the hair or wool. On 
the amount of ash indicated in the hair or Wool, no great stress must be laid; for* as will 
be easily understood, it was almost impossible to free these parts from adventitious dirt, 
which would leave a considerable incombustible residue. As in the'Carcass, so in the 


Offal (which included the-head, feet, and tail), by fax the larger proportion of the ash 
was due to the bones. The portion of the total percentage of aBh in the Offal due to 
the soft parts, is generally as great as in the Carcass. A part is doubtless attributable 
to debris of the food not entirely removed by washing from the alimentary cavities and 


passages^ - The blood too yielded a not inconsiderable quantity; and this portion may 
be looked upon r as not belonging to the fixed substance of the bddy, or to those portions 
of the O^ which are, as .the rule, appropriated as human food. The blood , of the Pig 
is; however,? appropriated to this purpose. After makin g spme allowance on 

these hea$t* fcfcdj&j:^ast. iri 4he ftfteaed animals* % fcoui to high a percentage 
of mineral mhttet the Carcass. It 
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will be seen farther on, how good an index is the percentage of mineral matter, to the 
amount of the fixed nitrogenous compounds of the total body, or its parts. 

In the third main Division of Table II, the amounts of ash yielded by the same col¬ 
lective parts of the Carcass and of the Offal, are calculated to 100 of the entire animal 
(fasted live-weight), instead of to 100 of the Carcass, or of the Offal respectively. Prom 
this arrangement of the results we leam, that, on the average, the ash yielded by the 
total soft parts of the body, amounted to considerably less than 1 per cent, of its entire 
or live-weight. That yielded by the bones, on the other hand, amounted always to moie 
than 1, generally to more than 2, and in some cases to from 3 to 4 per cent, of the whole 
body. Thus, the bones of the Pigs yielded ash amounting to 2 per cent and under, of 
the weight of the animal; those of the Sheep to from 2 to 2J per cent.; and those of 
the Calf and Bullocks to, from 3 to nearly 4 per cent., of the live-weight. 

It is worthy of lemark, that in the fiat Pig the ash due to the soft or more edible por¬ 
tions of the Carcass, amounted to only 0-211 per cent of the whole weight of the animal ; 
the ash from the soft Carcass parts, of the three fatter Sheep to, from 0-205 to 0-339 of 
the live-weight; and that from the same parts in the fat Bullock to only 0-402 per cent 
of its whole weight. A gain , the per cent, in the entire animal of ash due to bones, is 
3-35 per cent, in the fat Bullock, against 3-94 per cent, in the half-fat one. There is 
among the Sheep, in like manner (if we exclude the half-JEat one), a diminution in the 
entire ^imnl in. the amount of ash from bones, from 2*10 por cent, in the storo animal, 
to 1-916 per cent, in the very fat one. In the Pig, the proportion in the entiio animal 
of bony structure, as indicated by the amount of ash of bone yielded, declines still 
more markedly as the animal fattens. Thus, the ash of the total bones of the store Pig 
amounted to 2*021 per cent, of the entire animal, and that from the total bones of the 
fat Pig to only 1*298 per cent, of its live-weight 

Turning now to the last division, or “ Final Summary,” of Table II., the decline in 
the percentage of mineral matter in the entire animal , as it fattens, is vexy dearly 
brought to view. This decline is indicated not only in the amount of ash derived from 
all parts of the body collectively, but in that from both total Carcass, and total Offal parts, 
taken separately. The exception is the case of the Offal parts of the fattest Sheep; but 
the large amount of ash in this instance was due to the great quantity of adventitious 
matter not removed by washing from the wool Calling attention to the actual figures 
in some of the oilier cases, it is seen, that, whilst the half-fiat Bullock yielded, from 
all parts, 4*664 per cent, of mineral matter or ash, the fatter Bullock gave only 3-92 
per cent. Again, the whole body of the store Sheep yielded 3*164 per cent, of ash, 
and that of the fiat Sheep only 2-811 per cent And lastly, whilst the whole of the store 
Pig gave 2*669 per cent of mineral matter or ash, that of the fat one gave only 1-649 
per cent 

J£oom the results as to mineral matter as a whole, it would appear, that during the 
process, neither the accumulation of mineral matter in the bony structure, nor 

commensarately with the increase of some other con- 
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stituents of the body. It will presently be seen which are the constituents that accu¬ 
mulate most rapidly under that process. 


Sjbotioit IV.—THE PAT—IN CERTAIN SEPARATED PARTS, AND IN THE ENTIRE 

BODIES, OP 10 ANIMALS ANALYSED. 

When spe aking on the subject of method, it was explained, that a large portion of 
the Fat of the n-nimala analysed, was obtained from their different parts by meltvng and 
expression, t he remainder being determined by extraction with ether . In the melting 
and expression manipulations, the parts were generally classed as under 

( a ) Kidneys, with the fat surrounding them: 

(b) Other carcass parts, including bones: 

(c) Head, and miscellaneous offal parts: 

(d) Heart with its accompanying fat: 

(e) Caul or omentum fat: 

(f) Mesenteric or intestinal fat. 

The determinations of Fat by ether were made upon the dry residues after the melt¬ 
ing and expression, which, for the purpose, were mixed or classified to represent— 

(a) Total carcass parts, including bone: 

(b) Head, and other offal parts, including bone: 

(c) Hair or wool. 

Separate Fat determinations, by ether, were also made upon a mixture representing the 
whole carcass and offal parts together , excluding only hair or wool, and of course the 
previously melted and expressed fat The actual results of the melting and expression 
experiments will be found in Tables I. to X* inclusive, in the Appendix. Tho ether 
determinations are given in Table XIII. of the Appendix. From the data thus pro¬ 
vided, have been calculated the percentages of melted and expressed, of ether-extracted, 
or of total Fat (and its distribution), in the Carcass, in the Offal, and in the Entire 
Fasted live-weight, of the several aoimak These particulars are given in a some¬ 
what detailed form in Table EEL, And in a more summary one in Table IV., which now 
follow. 



ni.—Percentages of Fat (by Melting, by Expression, and by Extraction with Ether), in Ten Animals. 

fc In Fresh 0areres.-2nd. In Fresh OfW (equal Bom of Part* excluding Contente of Stomache and Intestines).-3rd. In Entoe Ann 

(Fasted live-weight, rnnlufling therefore Contents of Stomachs and Intestines). 
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Table IV.—Summary of Percentages of Total Fat (by Melting, Expression, and Ether) 

in Ten Animals. 

1st. In Fresh Carcass.—2nd. In Fresh Offal (equal Sum of Parts excluding Contents of Stomachs and 
Intestines).—8rd. In Entire Animal (Fasted live-weight—including therefore Contents of Stomachs and 

Intestines). ... 

[The mean percentage of Fat from Total Parts in the Entire Anima l is given—1st, hy addition of the 

amounts in the separate items; 2nd, with the ether-determinations made direct on a mixture of Entire 
A nimal crude-dry-matters (except wool, with the amount in wool added).] 

I Percentages in fasted live-weight of Kntirc Animal. 

II Prom Total Ports. 


Description of animal. 


Percentage 
in fresh 
Carcass. 


Percentages 
in fresh Offal 
(excluding 
contents of 
stomachs and 
intestines). 


Prom Carcass 
parts. 


Prom Offhl 
parts. 


By other de¬ 
terminations 
direct on mix. 
By addition ture of entire 


of items. 


animal dry 
matter (except 
wool) and 
woolfat added. 



Fat calf. 16-6 

Half-fat ox. 22*6 

Fat ox. 34*8 

Fat lamb. 36*9 

Store sheep... 23*8 

Half-fat old sheep. 31-3 

Fat sheep . 45*4 

Extra fat sheep .. 55*1 


20*1 

16*1 

18*5 

26*4 

34*5 


22*1 

12*7 

16*7 

26*1 

34*7 


Store pig . 28*1 

Fat pig . 49*6 


Means of all. 


Means of the 8, excluding store ‘ 
sheep and store pig .......... 


Means of the 6, excluding thel 
store and half-fat animals ... J 



T aking first the percentage of Fat in the fresh Carcass yielded by melting and express 
Bion, it is seen, that the amount around the kidneys increases very considerably as the 
nrnmfl.l fattens. In fact, practically, the judgment of the butcher on first disembowel¬ 
ling an animal is perhaps more influenced by the fatness of the kidneys than,by any 
■ other single point The figures show (Table III,), that, whilst the Carcass of the balf- 
fat Ox afforded 3*07 per cent, of fat, by melting and expression, from around the kid¬ 
neys, that of the fatter, but only moderately fat Ox, gave 6*44 per cent, of Such fat 1 Of 
the. Sheep* the Carcass of the store animal gave only 1*69 per cent, of melted and ex- 
pressedltidney iatj that ofthehalf-fat old one 3*50 per cent; and that of themoderately 
/ flit one Again, the percentage of melted and expressed Md^ey fat in the 

.'Carcass of *31^ agftSppt.4*32! pejj eanti in that' of & Fig in every respect 

similar, 'it was fad on fatten¬ 


ing food during a period 
irtKieaLix.. 


r J?e&fembered, that these amounts of 
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l 


fat obtained by melting and expression axe exclusive of a not immaterial quantity after¬ 
wards extracted by ether, from the mixed Carcass parts, in which the kidneys and kidney- 
fat expressed residue were included. 

The increase in the proportion of Fat in the other Carcass parts, dm mg the period in 
which the animal is currently said to be fatteningi is, as indicated by the amount obtain¬ 
able from them by melting and expression, equally str ikin g. But time and space will 
be saved, if we illustrate this accumulation by special reforen.ee to only the total amount 
of fat from all Carcass parts, whether obtained by melting, expression, or ether. Refer¬ 
ring the reader, then, to the first three columns in Table III., to see how the total 
amount of Carcass fat is made up, we will proceed to draw our illustrations as to the 
total amount itself, from the fourth column of the same Table—or, as there repeated 
without the detail, in column 1 of Table IV. It is seen, that the Carcass of the half-fat 
Ox contained 22*6 per cent., that of the store Sheep 23‘8, and that of the store Pig 28*1 
per cent, of pure fiat* The Carcass of even a fat Calf, on the other hand, gave only 
16*6 per cent, of total fat; which, however, is quite conbistent with the current notion, 
that veal is leaner tha n any other of our ordinary meats. Of the Carcasses better repre¬ 
senting the average condition of butcher’s meat of good quality, that of the moderately 
fat Ox yielded 84*8 per cent of pure fat; that of the fat Lamb 30-9; that of a moderately 
fat Sheep 46*4; that of a very fat Sheep 56*1; and that of an only moderately fattened 
Pig 49-0 per cent. 

It is thus seen, that the animal food, of reputed high quality, as sold by the butcher, 
and to which such a highly nitrogenous character is generally attributed, will probably 
consist of fat to tho extent of from one-third, to one-half, or even more, of the total 
fresh-weight of the Carcasses. To this point we shall have to recur, when taking 
a review of the collective composition of the animals; and also when we come to tho 
application of the results, and to a consideration of the general conclusions to be drawn 
from them. But it may be here remarked in passing, in reference to the percentages of 
Pat above enumerated, that they would have been even somewhat higher in the condi¬ 
tion of the Carcasses as weighed out by the butcher; for, in the Tables, tho percentages 
are calculated in relation to the weight of the fresh carcass token as soon as possible after 
the animal was killed; but between this condition and that in which the meat is gene¬ 
rally sold to the consumer, there may be a loss in weight of oven several per cent by the 
evaporation of water. 

Prom the want of a strict uniformity in classifying the several parts of the Offal in 
the different animals, for the determination of the Pat they contained, a detailed com¬ 
parison of its amount in the corresponding parts in the different animals is not so prac¬ 
ticable as might be wished. But, since only a small proportion of the fat from tho Offal 


IjOfts is consumed as human food, such a comparison is of the less importance in a prac- 

^ ky iMl/tung and eaprsaion contained but vexy immaterial amounts of foreign substanco; 

of other considerations, the composition of the final residue afforded confirmation of 
fUmatum very closely indicated the complementary amounts of the originally 
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tical point of view. Still, there are here some points worthy of notice, as indicating the 

accumulation of Pat internally as the animal matures. 

The percentage in the total Offal parts of fat obtained by melting and expression from 
the caul or omentum, was, in the half-fat Ox, 4*63, and in the moderately fat Ox, 7 93. 
In the Ofial of the store Sheep the percentage of melted and expressed fat from the same 
source was 6*14, and in that of the very fat Sheep it was 19*6. Another item of fat, 
which is a considerable index to the fattening character and maturity of an animal—but 
which, with frequently a portion of the omentum fat also, is generally employed for 
tallow, and therefore not as food—is the mesenteric or intestinal fat This oIbo is seen 
to increase as the animals fatten; though those breeds which have the greater tendency 
to fatten on the outer frame or Carcass, have the less aptitude to do so around the internal 
organs. To go to the figures, it is seen, that the intestinal fat of the half-fat Ox amounted 
to 4*66 per cent, of the total Offal parts, and that of the fatter Ox to nearly double, or 
8*79 per cent. The intestinal fat of the store Sheep amounted to 8*08, that of the half- 
frit Sheep to 6*69, that of the fat Sheep to 6*57, and that of the very fat Sheep to 7*41 
per cent, of the collective Offal parts. The Offal of the store Pig again, yielded only 2*12 
per cent of its weight of melted fat from the intestinal regions (including the so-called 
caul-fat), and that of the fat Pig 8*35 per cent It need hardly be remarked, that it is 
only in a practical or economic point of view, that any comparisons can be drawn between 
ftnimnla diffftrmg so essentially in their characters and habits, as the Pig and the llium- 
nant. But, whilst speaking of the amounts of fat deposited around the internal organs 
in the two cases, it may not be out of place to call to mind how much more concentrated, 
so far as digestible matter is concerned, is the food of the Pig than that of the bulky- 
feeding Ruminant, and that, in conformity with this, the alimentary cavities and pass¬ 
ages constitute, collectively, a much less proportion of the bulk and weight of the animal 
in the' former, than in the latter, 1 - 

It is seen that nearly 1 per cent of the collective Offal parts of the Sheep is fatty 
matter contained in the wqoL 

Of total fat obtainable by melting, expression, and ether, the, collective Offal parts 
yielded only from one-half to two-thirds as high a percentage as the collective Carcass or 
more universally edible parts. Even in the Offal, however, the fat, in the cases of the 
fattened ftnfmgiK (excluding the calf and lamb), amounted to about one-fourth of the total 
Offal, as, for example, in the fat Bullock, the fat Sheep, and the fat Pig, and to more than 
one-third in the case of the very fat Sheep. Of the probable proportions of the fat of 
the eatcass and of the offal, respectively, which axe, on the average, consumed as human 
food* and of the relation, of this consumed fat to the nitrogenous substance taken with 


it, we shall have to speak farther on. * < ’ , 

■ Le t ad stdw turn from the percentages of Fat in the collective .Carcass, or collective Offal 
parts, the amounts derived from the same sources, calculated in relation 

'to the of t^e 1 luring to the per¬ 
centages^ so form in Table III,, 

efre animal with another, in 


it is obvious that the ml 


m-ir. 
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regard to the fat of any corresponding part or parts, will be nearly the same as in the 
comparisons alieady drawn, wherein the percentages were given in relation to the total 
Carcass, or total Offal parts, separately. The actual figures are of course less when taking 
the larger weight—that of the En tire Animal-— &s the divisor in the calculation > but the 
relation of the figures representing any given part or set of parts of one animal compared 
with another, will only differ from that in the forms of calculation already considered, 
in go far as the proportion, in the Entire live-weight, of the contents of stomachs and 
intestines (included in the live-weight) is different in the different animals. Some space 
may be saved, therefore, by leaving to the reader the study of the further details in 
Table HI., and proceeding to call attention to the more summary view of the per¬ 
centages of fat in the Entire Animals, as given in columns 3, 4, 6, and C, of Tabic IV. 

Tn column 3 of Table IV., the percentages in the Entile or Fasted Live-weight of the 
animals, of fat due to total Carcass parts, are given; and in column 4, those yielded by the 
total Offal parts. Taking the average of the ten animals, more than three-fourths of 
their total fat belonged to their Carcass, or more valuable edible parts. The proportion 
of the whole fat due to the Carcass parts is seen to be generally greater the <k riper,” or 
more matured, the animaL The proportion of the whole fiat, due to carcass and offal 
respectively, is about the same in both the half-fat and the moderately fat Ox. In the 
Sheep, however, the proportion of tho whole fat due to carcass is much greater in all the 
more mature animals than in the one in the store condition. In the latter, there was 
only about twice as much of the total fat coming from tho carcass as from the offal; 
whereas, taking the average of the four fatter animals-—the fiat Lamb, the half-fat Sheep, 
the fat Sheep, and the very fat Sheep—there was three times as much of the total fat due 
to the carcass as to the offal parts. In even the store Pig there was four times as much 
of the total fat of the body, in the Carcass, as in the Offal parts; and in the fat Pig there 
were from eight to nine times as much fat from the Carcass as from the Offal parts. The 
general conclusion would seem to be then, that, perhaps on the average, three-fourths or 
more of the total fat of a slaughtered animal, in good condition, will belong to the 
carcass parts —that is to say, to those parts which may be reckoned as almost entirely 
devoted, in some form or other, as human food. 

It has been already seen in Table HX, and the column illustrating tho fact is repeated 
in Table IV., that the percentage of fat in the collective Carcass parts of the fattened 
animals amounted to from one-third to one-half, or even more, of the total weight of tho 
Carcass. We will now consider what was the proportion of the whole animal at tho time 
of its being slaughtered, which was nearly, if not quite, pure fat. 

In the fifth column of Table IV., the percentage of total fat in the Fasted Live-weight 
of the several animals has been calculated by the addition of the respective items 
recorded in Table III. In the sixth and last column of Table IV., axe given the per¬ 
centages of total fat in the Live-weight of the ten animals, obtained, for tho purposes 
of by another method. In this check column No, 6, the amount of fat obtained 
by n»H d| <smd expression is calculated by the addition of the amounts thus obtained 
from parts, as in the other case; but, the fat remaining in the different 
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expressed parts, is now obtained by ether determinations made on proportionally mixed 
samples of all the parts of the animal, Carcass and Oil together, the wool only excepted; 
the fat in the wool itself being extracted separately, and its amount taken into the cal¬ 
culation. A glance at the two columns (5 and 6) will show that there is never half, and 
in only one or two cases, one-fourth of 1 per cent, of variation between the lesults 
obtained by the two different methods. 

■ The striking fhct appears, that, of the whole body (fasted live-weight), 45$ per cent, of 
the very fat Sheep, and 42 per cent, of the moderately fat Pig, were dry fatty matter . 
Of the moderately fat Sheep 35$ per cent., of the moderately fat Bullock 30 per cent., 
and of the fat Lamb 28$ per cent were dry fat. The half-fat old Sheep contained 23$, 
and the half-fat Bullock 18f per cent of fat The store Sheep even contained 18$, and 
the store Pig 23$ per cent. Of the Calf; on the other hand, the entire body, though 
professedly fat, yielded only 14$ per cent, of its weight of dry fatty substance. 

It may, perhaps, from these data be concluded, that fattened Oxen of good quality, 
will, on the average, consist of fat, to the amount of nearly one-third of their whole 
weight; moderately fattened Sheep, to rather more; and moderately fattened Pigs, to 
more still; whilst, probably, fat Bacon-Pigs will frequently contain fat to the amount 
of one-half of their whole live-weight. 


SbotioX V.—THE NITBOGEN—IN CEETAIN SEPAEATED TARTS, AND IN THE ENTIRE 

BODIES, OF 10 ANIMALS ANALYSED. 

It has been shown, how large is the proportion of the whole body, of some of the 
animals of most importance as human food, which is fatty matter* It has boon further 
seen, that the proportion of fat in the collective Carcass parts, that is those which arc 
the more exclusively appropriated to food purposes, is still greater than in the whole 
body. The next point of interest is os to the proportion, in the whole body or certain 
collective parts, .ai.nifrogm and the thence calculated amount of protein or other 
nitrogenous compounds, a class of constituents, the comparative predominance of which 
is generally supposed so prominently to characterize our animal food. 

The nitrogen determined upon mixed samples of the crude dry matters remaining 
after the removal of fat by melting and expression, as follow s— 

(a) Of all soft parts of the carcass; 

(b) Of carcass bones: 

(c) Of offal, soft parts and bones together (excluding hair or wool); 

($) Of all parts, carcass and offal together (excluding hair or wool). 

* pt was also 'determined upon the hair or wool separately. The exceptions to the 
above arrangement were, that, in the cases of the Pigs, the mixed sample of Carcass 
included both soft, parts and bones, that pf the Offal was without bones, and a separate 
mixture was ipade pf the head and feet, spffc parts and bones together. > 

The actual etf^wptal determinations of nitrogen, in the expressed nitrogenous 
residues, mixed as £g$p. r the Appendix. The 

calculated mem reshits V;, and in a summary one 


in Table YI, which now Mow 
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Table VI.—Summary of Mean Percentages of Nitrogen in Ten Animals. 

1st. In Fresh Carcass.—2nd. In Fresh Offal (eqnal Sum of Parts excluding Contents of Stomachs and 
Intestines).—3rd. In Entire Antiml (Fasted Live-weight, including therefore Contents of Stomachs and 

Intestines). , 

•m ftA.n per centag e of Nitrogen from Total Poifts in the Entire Animal is given—1st, by addition o t o 

amounts in the separate items—2nd, by direct determination on the mixture of all crude dry parts (except wool, 
the amount in wool being added by calculation)—3rd, by calculation, deducting fat and mineral matter from 
total dry, and dividing by 6-8= an average per cent, of nitrogen, of 16*873, in the nitrogenous substance.] 


Description of animal. 


Per cent, 
in fresh 
Carcass. 



Fat calf .... 
Half-fat ox. 
Fat ox. 



Per cent, in Entire Animal (fated live-weight). 

Prom 

carcass 

parts. 

From offal 
ports. 

From Total Ports. 

1. 

By 

addition. 

2. 

By direct de¬ 
terminations 
on hair or 
wool sepa¬ 
rately, and on 
o mixture of 
all other parts 
collectively. 

3. 

By deducting 
fat and mineral 
matter, from 
total dry, and 
dividing 
hy 0-3, 


Fat lamb. 

Store sheep. 

Half-fat old sheep 


Fat sheep . 

Extra fat sheep 


Store pig 
Fat pig . 


Means of all.......... 


Means of the 8, excluding store* 
sheep and store pig . 


1- 713 

2- 350 

2*289 

1*791 

1*397 

2-319 

1*71# 


2* 


2-082 


2-812 

3-436 

2*872 

3*022 

2-920 

2-938 

2-609 

2-774 

2-172 

2*313 


6 


2*845 



1-024 

1-254 

1-226 

1*029 

0*880 


8 


0-761 

0-943 

1-119 

1-034 

0-931 

0-880 


1*541 0-679 

1-308 0-457 


1-324, 0*854 


1-305 


2*456 
2-708 
2 318 

1- 967 

2- 373 

2*260 

1*960 

1*760 

2*220 

1*757 




8 


2*148 


1*974 
2-380 
J 2*207* \ 
' 2 - 282 */ 
f 1*947 1 
12 * 036 */ 
/1*814 \ 
11*747* J 

8*196 

1*773 


94 


2*170 



2*421 

2-635 

2-304 

1- 949 

2- 353 

2*226 

1-941 

1*736 

2*180 

1*725 


8*147 



These Tables of the percentages of actual nitrogen (V. and VI.), will enable us con¬ 
veniently to compare the relative nitrogenous percentage of one animal, ox its several 
parts, with that of another, and also, the duplicate results obtained by different methods 
of experimentation, or calculation, as the case may be. The amounts of nitrogenous 
compounds which the amounts of the nitrogen itself are supposed to represent, will be 
better considered tether on, when we shall have before us, side by side, and at one view, 
the percentages in the ten animals or their collective parts, Of the several classes of con¬ 
stituents of, Which the whole as made up, namely—mineral matter, dry nitrogenous com¬ 
pound, fatty matt^ehisthe -total, dry-substance and the complementary water. 

* In these efse$ two $0* ^deWw^tw^ at different times. 
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When speaking of the mineral matter, it was found that there was four or five times 
as much in the total bones, as in the total soft parts of the Carcasses. A reference to 
Table V. shows, that the amount of nitrogen was, on the other hand, four or five times 
as great in the soft: parts of the Carcasses, as in the hard or bony parts. Still it would 
result, that, whenever no nutriment was reclaimed from the bones, one-fifth or onc-sixth 
of the total nitrogenous substance of the Carcasses would be lost to human food. 

Comparing first the percentage of nitrogen in the different carcasses, it is seen greatly 
to decrease with the progress of the animal from the store to the fat condition. It will 
be seen farther on, that the fattening or maturing is accompanied by a considerable 
diminution in the percentage of water in the body. The dry matter accumulated 
consists, however, in a much greater proportion of fatty substance, than of nitrogenous 
compound. Indeed, it would seem probable that, necessarily, the larger the amount of 
the nitrogenous compounds, the larger the amount of water required for their proper 
hydration, for the purposes they subserve in the system. 

To go to the figures, Table V. shows, that whilst the entiro carcass of the half-fat 
Ox contained 2*793 per cent, of nitrogen, that of the moderately fat Ox contained about 
one-sixth less, or 2*361 per cent. Of the Sheep, the carcass of the Btore a n i ma l contained 
2*360 per cent., that of the haif-fat one 2*289 per cent., that of the fat one 1*791 per 
cent., and that of the very fat one only 1*897 per cent, of nitrogen. Again, whilst the 
carcass of the store Pig contained 2*819 per cent, of nitrogen, that of the moderately fatted 
one contained only 1*712 per cent. Lastly, the carcass of the fat Calf, which yielded a loss 
proportion of fat than that of any of the other animals, contained of nitrogen on the other 
h fvpfl) a hi gher percentage than that of any but the half-fat Ox, namely, 2*608 per cent. 
This, again, is perfectly consistent with the reputed relatively lean character of veal. 

Turning to the percentage of nitrogen in the collective offal parts (exclusive of con¬ 
tents of stomachs and intestines), it is seen at a glance, to be in every instance excepting 
that of the store Pig, higher than in the collective Carcass. In the Lamb, and in tbe 
four Sheep, however, more than one-third of the nitrogen of the offal is contained in the 
wooL Deducting this, the percentage of nitrogen in their collective other Offal parts 
would be less than in their collective Carcass parts. 

In the right-hand portion of Table V., the amounts of nitrogen in the respective parts 
are cal cula ted so as to show their percentage in the total or fasted liv&weight of the 
animals, instead of in the Carcass or the Offal taken separately. Particular attention 
need only be called, however, to the more summary view of the percentage of nitrogen 
in the enMre animal, as given in Table VI. Tbe third column of this Table shows that 
amount of the total percentage of nitrogen in the Entire Animal which is contributed by 
tbe Carcass parts, and the fourth oolumn that due to the total Offal parts. The last 
three columns of the Table give the percentage of nitrogen in the Entire Animals due to 
together, both Carcass and Offal ; but determined or calculated by throe different 
S Before considering the actual composition of the animals, in regard to nitrogen, 
as three concluding columns, it will be interesting to consider the 
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degree of agreement in, the percentages obtained by the three different methods 
rcffiirsd to* 

In the first of the three concluding columns (Table VL), headed “ By Addition” the 
figures there recorded axe obtained by the addition of the percentages afforded by the 
separate items or parts, the details of which are given in Table V. The percentages so 
obtained, are, in fact, the result of duplicate nitrogen determinations made on each of four 
separate parts or mixed samples, for each anima l. The next column, headed—“ By direct 
determinations on hair or wool separately, and on a mixture of all other parts collect¬ 
ively”_is obtained, as the description indicates, by duplicate determinations on two 

s hrif ts of parts only. The last column, on the other hand, is obtained entirely by cdlcu m 
lotion , as a check upon the percentages of nitrogen made by direct experimental deter¬ 
mination. The method of calculation is as followsFrom the percentage of the crude 
dry substance, remaining after the removal of most of the fat by melting and expression, 
the fat afterwards extracted by ether is deducted. From the result so obtained, is 
next deducted the amount of the mineral matter. The remainder—the water, the fat, 
and the mineral matter, being thus all excluded—consists, of course, of nitrogenous 
compounds of some kind or other. With the view of founding an estimate as to 
the probable amount of nitrogen contained in the mixed nitrogenous matter of entire 
tmimnl bodies, upon a basis of something like specific and detailed facts, we have in 
vain endeavoured to find sufficient published data for estimating the probable relative 
proportions in the body of albumen, fibrin, (guasi) gelatin, or chondrin, &c* In the 
absence of any appropriate data on this subject, we have assumed, of necessity some¬ 
what arbitrarily, 6*3 as probably the nearest round number applicable as a divisor 
of the crude nitrogenous substance of the animal bodies in question, to reduce it to 
nitrogen. This number, 0-3, supposes an average percentage of nitrogen in the mixed 
nitrogenous compounds, of 15*873. This is slightly higher than in either albumen or 
fibrin; considerably higher than in chondrin; hut on th0 other hand, considerably 
lower than in gelatin*. It is probably, therefore, as good a figure as could be taken 
under the circumstances, as some confirmation of nitrogen, determinations made upon 
such heterogeneous matters, and of the propriety of their application to the objects we 
have in view. 

If we are to assume, that the direct nitrogen determinations are nearer the truth than 
the calculated estimates, it would appear that the collective nitrogenous compounds of 
the whole body, in the cases in question, had a rather higher percentage of nitrogen 
than that represented by our number 6*3---namely, 16*873. For, although the discre¬ 
pancy in the percentages.of nitrogen obtained by the different methods is invariably 
within-the range of the second decimal place, the percentage indicated by the method 
of calculation merely, is in every instance somewhat lower than that by the ctireot' expe- 


* M. adopted ltf*0 per cent, of nitrogen (*0*086}, in Ms calculations of nitro¬ 
genous hut Jie 10*0 per cent. 


'of nitrogen («6*2&). 
MDCCCLH. 
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rimental determinations. It would be easy to suggest several sources of probable inac¬ 
curacy, in thus assuming a percentage of nitrogen in the collective nitrogenous com¬ 
pounds of the body determined as a whole by the deduction of the amounts of other 
matters. For instance ,* it may be a question—how far the mineral matters determined 
by incineration, and deducted by calculation, contain the oxidated sulphur and phos¬ 
phorus of the nitrogenous compounds themselves %—what were the relative proportions 
of the different nitrogenous compounds in the collective mixture of all of them 1—and 
so on. Any consideration, of the interference with strict accuracy, of such sources of 

error, is, with our present ma in objects, immaterial. 

Looking to the figures obtained by the three different methods, we arc free to confess, 
that the correspondence between them is such as we had scarcely hoped to attain. 
We accept it as a proof of success in a difficult and extremely laborious undertaking, 
such as gives us more confidence in our final results, and in the conclusions derived from 
them, than at the commencement we had at all anticipated. It will be easily under¬ 
stood, that, although the difficulty of getting, for analysis, perfectly proportional and 
uniform mixtures, of such heterogeneous matters as those in question, must be very 
great, yet, that success on this point will depend only upon the amount of care and 
labour devoted to it. Feeling that so much depended upon these, we were, particularly 
in the preparation of the samples, not sparing in their exercise. 

So far as the nitrogen determinations themselves are concerned, we are very glad to 
have this opportunity of stating, that they were, for the most part, made by Mr. F. A. 
Manning. The degree of credit due to Mr. Manning for this labour, will be best 
ascertained by an examination of the duplicate determinations given in Table XIV. 
in the Appendix, and of the coincidence of the final results, by the different methods, 
as given in Table VI. now under consideration. In this examination the extremely 
heterogeneous character of the substances operated upon should not be forgotten. 

It has already been remarked, that the difference between the percentage of nitrogen 
indicated for the Satire Animals, obtained on the one hand by direct determinations, and 
on the other by calculation merely, was, pretty uniformly, within the limits of the 
second decimal place; and farther, that the calculated percentage was invariably some¬ 
what lower than the experimental ones. Comparing with each other the two differ¬ 
ently obtained experimental results, the difference between them is always within the 
same limit. In the majority of cases, the difference, even in the second decimal place, 
amounts to very few units. The actual figures, in these three columns, may then be 
taken as pretty closely indicating the real percentages of nitrogen in the Entire Bodies 
operated upon. They furnish, therefore, a concise view of the differences in this 
respect, between the different animals, according to their description or condition. 

It is remarkable, that, of the beef-yielding animals, the whole body of the half-fat Ox 
contained scarcely 2| per cent of nitrogen, and that of the moderately frit one only 
cent The fat Calf contained a rather larger proportion of nitrogen than 
namely, nearly 2J per cent. 

t f 1 

* * jr - 
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The entir e body of the fet Lamb contained less than 2 per cent, of nitrogen. The 
store Sheep contained less than 2'4 per' cent of nitrogen; the half-fet old Sheep 2£ per 
cent; the moderately fet Sheep not quite 2 per cent; and the very fet Sheep scarcely 

more than 1-f- per cent. 

The store Pig contained about 2£ per cent, of nitrogen; and the moderately fat one, 
only about 1-f per cent. 

The striking &ct of there being so small a percentage of nitrogen in the bodies of the 
onimalg which we feed to supply our meat-diet, is one of great interest and importance. 
On the one .hand, as will be fully illustrated farther on, the proportion of the nitrogen 
consumed in the fattening food, which remains stored up in the animal, and is sent to 
market as meat, is extremely small; and on the other, as already alluded to, a considci- 
able proportion of the nitrogen which really is retained by the animals is not appro¬ 
priated as human food; whilst, of that whioh is so appropriated, a considerable portion 
will exist in the form t>f gelatin and chondrin-yielding matters, the value of which as 
food is, to say the least, questioned. 

Before leaving the Tables showing the percentage of nitrogen in the different animals 
and th eir several parts, attention may be recalled to the illustrations of the latter point, 
afforded in the lines of niean percentages^ given at the foot of Table VI. It has already 
been noticed, that the collective Offal parts of the animals contained a higher percentage 
of nitrogen than the collective Carcass parts. But it is seen, that the actual amount 
in the entire body , of nitrogen accumulated in the Carcass parts, is still about three-fifths 
of the whole. It was shown, that about one-fifth of this is due to the bones. It results, 
that there is left, in round numbers, only about half of the entire nitrogen of tho body 
associated with the soft edible parts of the carom. As to the proportion of the two-fifths 
of the total nitrogen in the body contained in the Offal parts, which will probably, on 
the average, be consumed as human food, some observations will be made further on. 


Section YI.—STJKMAST 03? THE COMPOSITION OP THE TEN ANIMALS ANALYSED 

JkRn^ralJMjttUer, Dry Nitrogenous Oow^ounck, jRbJ, Total Dry 8ubstance t cmd Wilier, 

■* J J * 

Having considered the percentages of mineral matter, of fat, and of nitregen, i/nM* 
mdually , in the different animals and their respective parts, it will be well now to take 
a summary view of their collective composition as deducible from the data thus provided. 
In Table VIL, therefore, which now follows^ are given side by side, at one view, the 
percentages in the Carcass, in the Offal, and in the Entire Animal respectively, of— 


1st Mineral matter (ash): 

2nd. Total dry nitrogenous compounds (by deduction of other constituents): 

3rd, Tqtgl fet (by melting, expression, and extraction by,ether): 

4th/' f(M dry substance (sum of the mineral, nitrogenous, and fet): 

5th.''- complementary .quantity to the total dry): . - 

And,. & u>e : t*l,! tjjw^eroentage of HbA wfeote das to contents of Stomaohs 
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Loolring more particularly to the first Division in the Table (VTI.)j which shows the 
collective composition of the carcasses, and comparing one animal with another, there is 
seen to be a general disposition to a rise or fell in the percentage of mineral matter, 
with the rise or fell in that of the nitrogenous compounds. In fact, all the results tend 
to show a prominent connexion between the amount of the mineral matters, and that 

of the nitrogenous constituents of the body. 

Next compa ring the relative proportions of fat , and of nitrogenous compounds, in the 
different Carcasses, it is seen, that, in every instance excepting that of the Calf (in which 
case the percentages of nitrogenous substance and of fat were equal), there was con- 
siderably more of dry fet than of dry nitrogenous compounds. In the Carcass even of 
the store or lean, Sheep, there was more than one and a half time as much fet as nitro¬ 
genous substance. In that of the store or lean, Pig there was twice as much. In the 
Carcass of the half-fet Ox, there was one-fourth more fet than nitrogenous matter; and 
in that of the half-fet Sheep there was more than twice as much. Of the fetter animals, 
the Carcass of the fet Ox contained twice and one-third as much dry fet as nitrogenous 
substance; that of the fet Sheep four times, and that of the very fat Sheep even six times 
as much. Lastly, in the Carcass of the moderately fet Pig, there was nearly five times 
as much fetty matter as nitrogenous compounds. 

From these results, it may perhaps be safely inferred, that in Carcasses of beef of 
reputed good condition, there will be seldom less than twice as much, and frequently 
nearly three times as much dry fet as dry nitrogenous substance. In the Carcasses of 
sheep we should conclude, that the fet would generally amount to more than three, and 
frequently to four or even more times as much as the nitrogenous matter. Finally, 
it may be estimated that in the Carcasses of figs hilled for fresh pork there will be 
seldom as little as four times as much fet as nitrogenous compounds; whilst, in those 
fed for curing, the fet will'generally be in a higher proportion still, 

Xke fat of the bones bears but a small proportion to that of the whole Carcass. As 
has been seen, however, perhaps one-fiffch of the whole nitrogen of the Carcasses will be 
contained in the bones, and not included therefore in the niore currently edible por¬ 
tions. It results, that, provided the whole of the fet of the soft paxfe of the Carcase he 
c onsum ed as human food, its proportion to the amount of the consumed nitrogenous 
substances will, on the average of such consumption, be still greater than the actual 
composition of entire Carcasses would indicate. 

The question here arises, what proportion of the fet of our slaughtered ani m als is 
probably, on the average, actually consumed as human food in one form or another! 
"We have instituted numerous inquiries on this point; and we cannot do better, than 


quote the opinion given by an experimenter and writer of great observation and expe¬ 
rience in such matters, Mr. Jonar Ewabt, of Newcastle, writes in answer to bur inquiry 
for his , 

-“As to beasts.; > or the thick vein of feifhat: is presented .and protrudes 

from the internal cavitftfe* ,nhd also the crook of the 
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reed or the fat on the reticulum or second stomach is reserved for suet, whilst the 
mesentery or web of fat which holds the intestines is sent to the taUow-melter. The 
proportion of the internal fet spoken of as reserved for suet may amount to about one- 
fourth of the whole of the loose or offal fet yielded by the beast; but the demand for 
suet not being at all times equal to the quantity reserved for such in addition to the 
real suet or the fet on the inside of the loins and covering the kidneys, a portion of the 
loose fet reserved for suet is sometimes added to the tallow, by which the quantity of 
offal fet of beasts used as human food will be reduced to one-fifth, or twenty per cent, 
of its entire quantity, and which must be understood as in addition to the whole of the 
carcass fet. Before dismissing this portion of the subject, I may remark, that the suet 
in the vict ualling of shipping always consists of loose or offal fat, some being taken for 
that purpose even when entire carcasses are purchased. 

«In sheep, although a portion of loose fet is generally reserved for suet, yet there 
being a portion of the carcass fet, when redundant—which is very freqnently the case 
sent to the tallow-melter, the whole of the carcass fet, but without any addition of oflal 
fet, will represent, very nearly, the quantity used as human food from this description 

of stock. 

«I am folly aware that the disposition of the fet yielded by the kinds of stock 
already spoken of is not uniformly alike, and exactly that stated above in all localities, 
but I do not think that the variation is such as to affect the statement as an average for 
En gland. In Ireland and Scotland the consumption of flesh is i ns igni ficant, when com¬ 
pared to that in England. 

“ The whole of the fet of both calves and lambs is eaten, or at least used—sometimes 
also with the addition of sheep’s offal fet—in the process of cooking their flesh. 

“The mesentery in swine is very small, and that of small anim a l s slaughtered for 
fresh pork is entirely used in the process of cooking their edible offals, such as the 
liver, &c. Hog’s lard is the melted leaf or the layer of fet which accumulates in and 
lines the internal cavity in this description of stock, together with the melted mesentery 
of large anmmTs slaughtered for being cured. The principal uses of hog’s lard are as a 
substitute for butter by the pastry-cooks and others, and in adulterating that article by 
unprincipled dealers. Another use of the fet of swine in the form of lard is in the pre¬ 
paration of ointments by apothecaries, and in that of pomatum'—particularly in the kind 
sold as bear’s grease—by the perfumers,” 

"With these statements, our information, derived from other sources, leads us to concur. 
It would appear, then, that as an average, we may assume;—that the whole of the Carcass 
fet, and about one-fifth of the Oflal fet, of beasts, will be consumed as human food; that, 
of Sheep, an amount equal to the whole of their Carcass fet, but without reckoning any 
from their Offal parts, will be so consumedand that, of the Pig, an amount equal to the 
of its Carcass fet, which is in greater proportion than in the other animals, and 
part of its Oflal fet also, Trill be consumed as food. So far then as carcasses 
Ah the conclusion would seem to be fully borne out, that the proportion of 

" * F 1 f 
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the consumed fet to the consumed nitrogenous substance, will, on the average, be 
greater than that indicated by the relation of the total fat to the total nitrogenous 

matter in the Carcasses of fattened animals. 

Still confining attention for the present to the* composition of the carcasses, the 
Table (YTL) shows, that, whilst the percentages of both mineral matter and nitrogenous 
substance decrease, as the animals mature, that of the fat, on the other hand, very con¬ 
siderably increases. Indeed, the increase in the percentage of fat is much more than 
equivalent to the collective decrease in that of the other solid matters: that is to say, 
as the animal matures, the percentage in its Carcass, of total dry substance (and espe¬ 
cially of fet), much increases. There is then, of course, a corresponding diminution in 
the proportion of the water. Thus, in the Carcasses of the leaner animals, there were 
from 54 to 62 per cent, of water; namely, 62£ per cent, in that of the Calf; 57$ per cent, 
in that of the store Sheep; SS'j* per cent, in that of the store Pig; and 54 per cent, in that 
of the half-fat Ox. The Carcasses of all the other animals contained less than 50 per 
cent., and those of the fattest less than 40 per cent, of water. That of the moderately 
fattened Ox contained 45-J- per cent.; that of the fat Lamb 48f per cent.; that of the 
half-fat Sheep 49£ per cent.; that of the fet Sheep 39f; and that of the very fat Sheep 
scarcely one-third of its weight, or 33 per cent, only, of water. Lastly, in the Carcass of 
the moderately fattened Pig, there were 38-^ per cent, of water. It may be remarked, 
that these particular Carcasses, in the condition in which they would have been sold by 
the butcher, would perhaps have contained 1 to 2 per cent, less water than is indicated 
in the Table. For, between the condition in which these Carcasses wore weighed, 
namely, as soon as possible after killing, and that in which the meat is usually sold to 
the consumer, it would probably have lost 1 or 2 per cent, of water by evaporation. On 
the other hand, as the bones contain a higher percentage of dry matter than the col¬ 
lective soft parts,,the percentage in these edible soft,parte will be somewhat lower than 
ini-the entire Carcass including bones. The actual fresh and dry weights of the bones of 
the different animals analysed will be found in Tables I. to X., in the Appendix; and the 
percentages of dry matter in the bones in Table XI., also, in the Appendix, It may he 
‘here observed, however, that the proportion of bone was much less in the Sheep than in 
the Oxen, and much less in the Pigs than in the Sheep* It was, too, in all cases less, 
the fetter the animal. The percentage of dry matter in the bone increased, however, as 
tire animal matured; and it was higher in that of the Oxen than in that of the Sheep; 
and higher in that of the Sheep than in that of the Pigs. For example: the percentage 
of bone in the Carcass of the fet Ox was 11*8, in that of the fet Sheep 8*9, and in that of 


th§ fet Pig 4‘6. . The percentage of dry matter in the Carcass bones of the fet Ox and fat 
Sh$$p was from 78 to 74, and in those of the fet Pig, only 61*7. From the ferge^ro- 
pofctiun the high percentage of dry matter in the bone, ,df fhe Cteoass of 

the fet <^^p^4^ntage qf dry matter in the soft parts would be about lower than 
in the entkdt^ .bow* ^ the same way* the perqentage of dry matter in the 

: soft Carcass parts bMW* ** “ the 

< * ’? ;; ■,* f ft | ' l * t * ; * \ ' 


i* j 
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Carcass. In the fat Pig, however, owing to the much smaller proportion of the bone, and 
the percentage of dry matter in the bone being so nearly the same as that in the total 
Carcass, the percentage of dry substance in the soft parts will not differ materially from 
that in the whole Carcass. 

From the whole of the data adduced on the point, it may perhaps be safely concluded, 
that the average of Carcass beef, in well-fattened condition, will contain 60 per cent, or 
rather more of dry substance; that the average of properly fattened mutton will contain 
lather more dry matter than beef, say, 66 to 60 per cent; that the Carcasses of Pigs 
killed for fresh pork will be rather drier than those of mutton; whilst the sides of Pip 
killed for owing will, no doubt, be drier still Lamb carcasses would seem to contain 
a smaller proportion of total dry substance than either moderately fattened beef, mutton, 
or pork. Their proportion of bone is also comparatively high. Lastly, veal appears to 
be the most watery of all. The Carcass of the Calf experimented upon, though the animal 
was considered to be well-fattened, contained only 37f per cent of dry substance; its 
proportion of bone was also higher than in any of the other cases. 

Turning to the second division of Table VII., which shows the composition of the 
collective offal parts (excluding contents of stomachs and intestines), the figures do not 
show such a uniform tendency to a diminution in the percentage of mineral matter 
coincidently with that of the nitrogenous substance, as was observed in the case of the 
Carcasses. But, as already referred to, the percentage of mineral matter in the collective 
Ofial parts (and it is this which is here under notice), does not represent only the mineral 
matter properly associated with the other constituents of the parts, but includes a Quan¬ 
tity of adventitious matter adhering to the pelt, hair, or wool, of the a nima ls. 

It is seen that the percentage of dry nitrogenous substance is, in every case, greater, 
f>T>d that of the fat very much less, in the collective Offal, than in the collective Carcass 
parts. In Oxen and Sheep, the pelt, hair or wool, hoofs, and for the most part stomachs 
and intes tines, as well as some other nitrogenous parts of the Offal, will not be consumed 
as human food. The parts that will as a rule, or at least frequently be so consumed, 
are the head flesh with tongue and brains, the heart, the liver, the pancreas, the spleen, 
the diaphragm, and sometimes the lungs. Calculation leads us to estimate that the 
nitrogenous substance of these parts will in these animals (beasts and sheep) amount to 
about one-sixth of the whole nitrogenous matter of their collective Offals. This portion 
of edible nitrogenous substance from the Offal parts must, therefore, be added to the 
ftmfnmt estimated as eaten from the Carcass, when considering the proportion of the whole 
nitrogen of the slaughtered animals which is appropriated as human food. Calculation 
further shows, however, that in the cases of Oxen and Sheep, the whole of the nitrogenous 
matter reclaimed as food from the Offal parts will fall short of the amount contained in 
the bones of the Carcass. So nearly, however, will these quantities balance one another 
(especially if a portion of the gelatine from the carcass bones be considered as eaten), 
the total nitrogen of the Carhass parts, excluding any from the Offal, may perhaps 
be little exceeding the average proportion of the whole nitrogen of the bodies 
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of these Bxamsb which will be consumed as human food. In the case of Pigs, a larger 
proportion of the total nitrogenous parts of the Oil will be consumed; an amount 
indeed more than equivalent to that in the bones of the Carcass, supposed to be not con¬ 
sumed. It results in feet upon the whole, that there would appear to be a larger pro¬ 
portion of the total nitrogen of the body of the Pig consumed, than of that of the other 
animals. But, as has been seen in the Pig, the percentage in the body of that total 
nitrogen is less, and the percentage of the fat greater than in the other cases. The Offal 
parts enumerated as eaten, are of themselves associated with very little fat; so that, 

- such food, which is chiefly used by the poorer classes, would be highly nitrogenous, if 
not co mb ined with extraneous fatty matter. In cooking, it is generally so combined. 
Moreover, the classes which consume the most of the internal organs of slaughtered 
zmmalB, are also those which consume the larger proportion of Pig-meat, in which the 
proportion of the flit to nitrogenous substances is higher than in any other description. 

It is observable, that with their larger percentage of nitrogenous substance and less 
percentage of flit, the collective Offal parts have invariably a less percentage of total dry 
su b s ta nce, therefore a larger proportion of water, than the collective Oaicass parts. 

The next point to consider is the collective composition of the entire animal, as it stands 
at the timft of being slaughtered. The information on this head will be found in the 
third and last division of Table VIL 

The marked diminution in the percentage of mineral matter as the animal fattens, 
which was observed in reference to the composition of the Carcasses, is clearly illustrated 
in that of the Entire Animals, notwithstanding the inclusion here of the Offal ash, in 
which was contained the incombustible impurity of the hair or wool. 

We should judge from the figures, that from 3$ to 4 per cent, (according to breed 
and condition) of the standing fasted weight of a fattened Ox will be mineral matter. 
The proportion in Sheep appears to be less. Excluding the adventitious matter of* the 
wool, it would probably be often as little as 2$ and seldom more than 3 per cent of the 
fasted weight. In Pigs, the proportion of mineral matter is still less. We should 
gather, that in a well-fattened n-Tumal of good breed, it would amount to only If per 
cent., or even less, of its standing fasted live-weight. In a young unfattened Pig, there 
were 2*67 per cent, of mineral matter; but in an animal of a worse breed, or in a leaner 
condition still, we should judge that there might be 3 per cent. As an average estimate 
of the mineral matter in store animals, sold off or brought on the farm, we should be 
disposed to adopt 4f to 6 per cent, of their live-weight for Bullocks, 3 to 8f per cent, 
for Sheep, and 2f to 8 per cent, for Pigs. As an average estimate for the mineral 
matter in fattened ammala so flr as the data at command enable us to form an opinion, 
we should take 8Jto,4 per cent, of their live-weight for Calves and Bullocks, 2J to 
per cand Lambs, and 1} to If per cent, for Pigs, ; ’ 

Of as well as total mineral matter, the beef-yielding 


Anima ls contain octagons* rather more than Sheep, and Sheep rather more 

than Pigs/ : Of the flit Ox, there were, 

' MDCOCJLJX. ' ' - ’ l ^ 
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including bones, pelt, and internal organs, &c, only 14* per cent, of dry nitrogenous 
compounds. The fat Sheep contained only 12* per cent.; the very fat one not quite 
11 per cent.; and the moderately fattened Pig about the same, namely, 10*9 per cent. 
The store «T»wm.1n contained from 2 to 3 per cent, more total dry nitrogenous substance 

than the moderately fat ones. 

Of the s tanding live-weight of the animals, the fat obviously constitutes the most 
prominent item in the dry or solid matter. In the half-fat Ox there was nearly as much 
fat as nitrogenous substance and mineral matter put together; in the store Sheep there 
was more of fat than other solid matter; in the half-fat Sheep the proportion of fet 
to other matters was larger still; and in the store Pig it was larger than in the half-fet 
Sheep. 

In the fet Calf alone was the total fet less than the total nitrogenous substance of the 
body. Of the other animals fit for the butcher, the fet Ox and fet Lamb consisted of 
fat to the amount of about 30 per cent, of their live-weight, which was nearly twice as 
much as the total amount of the remaining solid matters, and more than twico as much 
as the total nitrogenous substance only. The fet Sheep contained 36* per cent, of fet, 
or nearly three times as much as of nitrogenous substance. The very fet Sheep yielded 
46 J per cent, of fet, and less than one-fourth as much of nitrogenous substance. Lastly, 
the fet Pig, with 42* per cent, of its entire body consisting of fet, had just about one- 
fourth as much, or 10*9 per cent., of dry nitrogenous substance. Taking the mean com¬ 
position of the six animals assumed to be fit for the butcher^-namely, the fet Calf, the 
fet Ox, the fet Lamb, the fet Sheep, the very fet Sheep, and the fet Pig—we have in round 
numbers, 3 per cent of mineral matter, 12* per cent of nitrogenous compounds (dry), 
and 88 per cent, of fet, in their fasted live-weight The proportion to one another, and 
the proportion to the whole amount of each contained in the different descriptions of 
in which the fat, and the nitrogenous substance, respectively, will probably be 
consumed as human food, has already been considered in some detail in the proper 
place. To these points reference will again be made, when calling attention at the end 
of our Paper to the application of the experimental results as a whole, and to the general 
conclusions to be drawn from them. 

All the experimental evidence which has been adduced conspires to show, that the 
so-called "fattening'* of animals for the butcher, is properly so designated. Even the 
sc-teflled “ store** or * lean " animals are seen to contain as much, or more, of dry fatty 


substance, than of dry nitrogenous (compounds. After the feeding or fattening process, 
the percentage of the collective dry substance of the body was considerably increased ; 
whilst fatty matter had accumulated in much larger proportion than the nitrogenous 
compounds. It is obvious, therefore, that in the increase itself of the fattening animal, 
the proportion of fet to the nitrogenous substance of growth, must be greater than in 


or standing live-weight of the animal. In other words, the composition of 
in weight of a fattening animal, must show a less percentage of nitrogenous 

•Mt **“ “ “ * ** “* “ ' *- “ 
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body of the slaughtered animal. "With the decrease in the proportion of bone, moreover, 
as well as the amaU accumulation of soft nitrogenous parts, we should also expect the 
percentage of miner al matter in the swcrsflss to be very sm a ll . 

To.—estimated composition of the inobeabe in weight of 

FATTENING ANIMALS. 

* 

The first and most obvious application of the data provided in the preceding sections, 
is, to employ them as a means of estimating the composition of the increase in weight of 
an atiimftl whilst passing from one given point of progress to another as distinguished 
from the actual composition of the entire body, or its several parts, as furnished by 
analysis at any one fixed period. So far as the analysed fat Pig is concerned, the lesult 
of such a calculation has been already given elsewhere*. It will be interesting, however, 
to extend the application to numbers of such animals, and also to the equally, or even 
more important animals of the farm—-Oxen and Sheep. 

It is obvious, that provided we know the exact composition ot an a nimal when it 
’ weighs any given weight, say 100 lbs.—and again, when, after fattening, it has reached 
another weight, say 160 lbs.*—nothing would be easier than to calculate the actual and 
the percentage composition of the 60 lbs. that has been gained. By deducting the 
amount of the respective constituents in the 100 lbs. weight, from, the amount of the 
same in the 160 lbs., we should at once ascertain the actual amount of each in the 60 lbs. 
of increase. The calculation of the percentage composition of the increase would then 
of course be a very simple matter. The practical d iffi culty obviously rests on the fret, 
that we cann ot know the exact composition of a fattened animal at the time it was put 
upon fattening food, or when it had reached any given previous weight. 

In the case of the store and fat Pigs which were analysed, the two animals selected 
for experiment were of the same breed and age—indeed of the same litter; of very nearly 
equal weights? and, so fra? as competent judges could decide, as nearly as possible alike 
in all other particulars. One of these animals was killed at once in the store condition, 
and its composition determined. Of, the other, the exact increase in weight from this 
store or lean to the fat condition, as well as the amount and the composition of tiie food 
it cons umed in gaining it, is known; as also is its composition in th&fodtened state* The 
application of the data in the manner above supposed, is likely therefore to lead to a 
pretty trustworthy estimate of the composition of the increase of this particular fatten- 
ingPig. 

Unfortunately, equally parallel data are not available for calculating the composition 
' of the increase of the other fattened animala analysed. This is the more to be regretted, 
siqety from the results of the Pigs it would appear, that data of this kind, if obtained 
under duljiWnsidered circumstances, are much more directly applicable' to the determi¬ 
nation of S 
illustration 
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of animal, to determine the composition of the increase from one condition to another— 
supposing this to be represented by the difference in weight between the animal which 
was analysed in the lean, and that which was analysed in the fat condition—it may be 
observed, that owing to the larger frame, and growing rather than fattening character, 
of the half-fat Ox analysed, compared with the fatter one, it approached so nearly the 
actual weight of the latter, as to indicate (if the difference in weight were alone taken 
as the measure) a very small amount of actual increase; whilst the difference in the 
composition of the two animals was very considerable. In feet, in the case supposed, 
the so-calculated total or gross mcrease would be less than the estimated gain in dry 
substance of mcrease alone: that is to say, it would appear that there had been an 
actual displacement of water, and replacement of it by a corresponding amount of dry 
substance. It may be said that the displacement of water, and the replacement of it by 
fet, in the fettening animal, or in other words a greater increase in dry substance than in 
the gross live-weight, is not impossible. The consideration of the results relating to the 
Pigs, as well as the tendency of observation, comparing animals of this description with 
others, would, however, militate against such an assumption. For similar reasons to 
those alluded to in regard to the two Bullocks, the difference in weight between the 
Sheep analysed in the respective conditions of fatness, cannot be takon as representing 
the amount of gross increase in weight in pasting from the one standard condition to 
the other. Instead, therefore, of taking the live-weights of the individual animals 
actually analysed, as the data upon which to calculate the composition of tho increase 
from one condition to another, it will be more appropriate to adopt the known live- 
weights a£ considerable numbers of animals, taken first in a store or lean, and afterwards 
in a fatter condition. 

So fer as Oden are concerned, we take for our illustrations the best experiments on 
record with which we are acquainted, that show, so fer as can be judged, a progression 
comparable with that implied in the change from the condition of the “ half-fat " to that 
of the ** fet Ox” analysed. 

In regard to sheep, we take the data supplied by published experiments of our own*. 
In some of these, considerable numbers of animals of different breeds were fed upon 
similar food; whilst in others, Miunnln otherwise comparable were fed upon different 
foods. 

Lastly, the compositions of the store and of the fet grig analysed, have, respectively, 
been applied to the weights store, and the weights fet, of numbers of pigs fed experi¬ 
mentally—the amounts of whose gross increase in live-weight, together with the parti¬ 
culars of the constituents consumed in food to produce it, have already been published 
elsewhere f. For the sake of comparison, by the side of the estimates of the compo- 

j* Journal of the Royal Agricultural Society of England, voL x. part 1; yol. xii. part 2; vol. riii. parti; 
part L 

of the Royal Agricultural Society of England, vol riv. part 2; Eeports of the British Aaao- 
of Science, for 1852 and 1854. 
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sitioii of the increase of fettering Kgs so obtained, is adduced that indicated by the 
direct ap plication of the analytical results to determine the composition of the increase 
from the store to the fet condition, in the case of the two Pigs actually analysed, which 

provide the data for application, to the other cases. 

Table Yin. shows the estimated percentage composition of the increase of fattening 

Table IX. shows the estimated percentage composition of the inorease of fattening 
sheep . 

Table X shows the estimated percentage composition of the increase of fattening pigs. 
In each case the original and final weights, and the increase in weight, of the animals 
are given. The composition to be applied to each in the calculation is also stated. 
There is always added some description of the food consumed. When at command, as 
in the case of most of the Sheep, and all the Pigs, the amount of certain constituents of 
the food which were consumed to produce a given amount of increase, are also given, by 
the side of the estimated composition of that increase. 

Table YIII.—-Showing the Estimated Percentage Composition of the Increase in 

Weight of fattening Bullocks and Heifees. 


Note .—Original Weight, taken at the Composition of the “Half-fat Ox,” analysed. 
Final Weight, taken at the Composition of the “Pat Ox,” analysed. 


General particulars of the experiments. 

Calculated percentages 
lu Inarms. 

Authority. 

Descrip¬ 
tion of 
animal. 

Num¬ 

ber 

of 

ani¬ 

mals. 

Duration 
of expe¬ 
riment 

Description of 
fattening food. 

, . . j_ . 1 _ . 

Actual weights 
(fresh) in lbs. 

IKsS 

L' -jVi nijT? 

Mine¬ 

ral 

matter 

(ash), 

Nitro¬ 

genous 

com¬ 

pounds 

(dry). 

Fat 

1 

Ori- 

gtnal 

Final 

In* 

crease. 

Mr. TnfcMJftew* ... 

Hon, Capt. Gh»y+... 

Hon: Copt Gaurf... 

JUuBTft# 

Bullocks, 

Bullocks. 

IS 

50 

86 

life* dam. 

18 fl{ 

m o- 

set Q-' 

■ 

Swedish turnips, 
hey, and oat straw. J 
Oilcake, bean-meal \ 
and turnips.. P 

Oflcake, bean-meal, 
and turnips. ■ J 

- ' r n 

18134 

54786 

41188 

15874 

71470 

54580 

8150 

16674 

s 

18848 

86-0 

80*4 

88*4 

106 

1*47 

1*68 

6*51 

7*68 

,8*10 

78*5 

m 

64*1 

80*0 

75-4 

78*8 

Average (at the 98 anira 

■1l ...... 

1*47 

4 

7*60 

66*8’ 

76*4 | 



* Journal of the Boyal Agricultural Society of England, vd. rvi. pp. 168-0. 
t Gardeners’ Chronicle and Agricultural Gazette, pp. 716 and 782 (1862 ), 
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Tiuth IX.—Showing the Calculated Percentage Composition 


General partioolara of the experiments* 

Breed. 

Number 

of 

animals. 


Description of fattening food. 

Actual weights 
(freak) in lbs. 


Duration. 

Given in limited quantities. 

Given edhbtiim. j 

Original. 

Final 3 

increase. 

Cl 

ass tf—Original weight taken at the composition of the 

“ store sheep ” analysed. 

i ■ « 

Cotswolds . 

Leicesters . 

Cross-bred wethers... 

Cross-bred ewes. 

Hants downs. 

Sussex downs. 

46 

40 

40 

40 

40 

40 

wks. days. 

19 5 

20 0 

SO 0 

SO 0 

S6 0 

S6 0 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake Rnd clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

Swedish turnips. 
Swedish turnips. 
Swedish turnips. 
Swedish turnips. 
Swedish turnips. 
Swedish turnips. 

5511 

4053 

3804 

3650 

4538 

35S0 

84394 

5835} 

5584 

5350 

7322} 

5629 

2928} 

1782} 

1780 

1700 

2784} 

2109 



Class IL—• Original weight taken at the composition of the “ fat sheep ” analysed 

. 

Cotswolds . 

Leicesters . 

Cross-bred wethers... 

Cross-bred ewes. 

Hants downs. 

j Sussex downs.. 

6 

7 

8 

8 

8 

8 

84 6 

84 4 

34 4 

34 4 

31 5 

31 6 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

Oilcake and clover hay . 

r 

Grass 

1 turnips 
f &c. in ^ 
the field. 

J . ^ 

1037 

948 

1041 

1006 

1411 

1045 

147S 

1367 

1490 

1457 
1897 

1458 

435 

419 

449 

451 

486 

383 



Class HI. (Series 1%).—Original weight taken at the mean composition of the " htore ” and the 


Hants downB .. 

Hants downs. 

Hants downs. 

5 

5 

5 

18 6 

13 6 

11 6 

Oiloake . 

Oats. 

Clover chaff.. 

Swedish turnips. 
Swedibh turnips. 
Swedish turnips. 

658 

548 

558^ 

688 

689-]-^ 

714 




Class IV. (Series %%)<— Original weight taken at the mean composition of the “ Btore ” and the 

Hants downs. 

Hants downs .. 

Hants downs .. 

Hants downs. 

H 

m 

EH 

Ell 

ill 

UHHI 

Clover chaff.. 

Clover chaff.. 

Clover chaff.. 

Clover chaff,. 

607 

607 

602 

602 


152& 

143 

189 

121 



Class"V. (Series ^).—Original weight taken at the composition of the “store sheep "plus 

Final weight taken at the composi- 


FTftirta downs. 


10 

o 

Bariev ( frrotmd'l. 

Mangolds,.. 

519 

EH9 

81 

Hants downs. 


10 

0 

Malt (ground) and malt dust 

Mangolds.. 

658 

758 

KHH 

Hants downs.. 


10 

0 

Barley (ground) and steeped 

Mangolds. 

536 

687ft 

MS 

jPaqts downs. 


10 

*0 

Malt (ground and deeped)') 
and malt dust.J 

Mangolds. 

560 

638 

78 


5 

10 

0 

Malt (ground) and malt dust 

Mangolds. 

666 

774 

108 



* It; 


—r 

t f 


I * C * 

* of m$*al yusttor” are too high, owing to the adventitious matters retained by the 

} Jem^sl %#L adil- |H*t ft y toL xiii. part X; end Tol-xti, 
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of title Increase in Weight of fattening Sheep. 


Non- 

nitrogenooa Increase 

-sr w S 

in food. 


Consumed to produce 100 Increate 
in live-weight. 


Minera l Nitro- Non- Total 

matter 8®“°™. nitrogenous dry 

(ash). c01 ^^ n ^ 8 substance. substance. 


Calculated Composition of 100 Incrmss 


Jompoonon or 
in live-weight. 


Non- 

m»n»r I 8® 10 ™" pitrogenons 


Mineral 

matter 


Total 

dry 

substance. 


Final weight taken at the composition of the u fat sheep analysed. 


53*1 

< 

59*6 

53*7 

166 

588 

44*0 

57*8 

63*7 

187 

619 

46*8 

58*0 

63*6 

186 

616 

46*6 

58*6 

68*1 

185 

610 

61*4 

59*5 

65*6 

187 

613 

59*9 

58*9 

67*8 

190 

680 



8*14 

■ 

7*34 

67-5 * 

77*0 1 

8*01 

6*34 

74*8 

88*5 

8*06 

6*70 

71*8 

80*6 

8*05 

6*67 

78*0 

80-7 

8*83 

8*01 

63*8 

73*5 

8*88 

7*90 

63*9 

74*0 

8*18 

7*16 

68*8 

78*0 


Final weight taken at the composition of the “ extra fat sheep “ analysed. 


39*5 

64*1 




41*0 

64*6 




40*8 

64*8 




48*1 

64*3 


• m * 


33*8 

63*8 




84*0 

63*8 



. | 


3*13 

3*13 

3*09 

3*10 

3*17 

3*13 

7*86 

8*08 

7*95 

8*07 

7*18 

7*41 

70*0 

68*7 

69*3 

68*5 

75*3 

73*5 

81*0 

79*9 

80-4 

79*6 

86*6 

84*1 

. 8-18 i 

7*75 

70*9 

81*8 


“ fat sheep ” analysed. Final weight taken at the composition of the “ fat sheep ” analysed. 



Means.I 3*10 


« fat sheep ” analysed* Final weight taken at the composition of the “ fht sheep ” analysed 



1548 

1549 
1619 
1854 


Means ..I 8*03 


two-thirds of the difference between t|ie w store ” and “ fat sheep ” analysed, 
tioti of the * fat sheep * analysed. 





. wool*, th 04 uimbftfa,fpc “ Glass EC,” mil be the most excessive from this cause. r ' 

-part 1, 1 ’ $ Journal ofthe Eo^Agricfidtttral Bdclety of England, vol x, port 1, 
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Tibtj X—Showing the Calculated Percentage Com- 
JJM».-In att cases, Origin* Vagit taken a ttheOempoaitionoftbe“StorePig” 

I —————— " 

| General particulars of the experiments. 


No. 

Pens. ° f , Duration. 


Description of fattening food. 

Given in limited quantity. Given ed libitum. 


Total non- 

Actnal weights (fresh), nitrogenous 

in lbs. mbstanoe, 

to 1 

—-—j- nitrogenous 

(Original. FlnaL jlnoiease. 


The “ Store ” and “ Fat 


tries, dya. 


f Bran one port, beaa and lenblmMl tA « ini 

None . J two parti, and barley meal three 103 iyi 

. . L Pftrta » .. —----—-- 

Series I. (For further particulars, see Journal of the 


■None .Bean and lentil meal. 

Indian meal .Bean and lentil meal. 


None .Indian meal 

Bean and lentil meal ... Indian meal 
Bran .Indian meal 


440 

748 

803 

488 

758 

336 

427 

679 

852 

481 

658 

281 

445 

743 

898 

415 

784 

309 

438 

779 1 

347 

489 

685 

* 

856 

8441 

6768 

8882 


9 and 10 6 

11 and IS 6 



None .Bean and lentil meal, 

Barley meal......Bean and lentil meal, 

Bran.. Bean and lentil meal 

Barley meal and bran... Bean and lentil meal, 

None ...Bailey meal . 

Bean and lentil meal ... Barley meal . 

.Bran Barley meal 

jBean and lentil meal, and bran Barley meal .. 


Series 2. (For farther particulars, see Journal of the 


8-17 


None. 

None, 


NOxtuxe of <mo put taw, two] 
puts boriay meal, and three r 
parti bean end lentil meal 
Mixture of one part bran, twol 
parti bean and lentil meal, and V 
three parti barky meal J 




433 

628 

446 

730 

405 

647 

431 

671 

448 

789 

428 

679 

426 

703 

419 

606 


Means . 


Series S. (For further particulars, see Journal of the 



}8.{l 

Dried cod-fish... 

Dried cod-fish.. 

Bam and Indian meal (equal parta) 

Indian meal . 

Means . 




323 

389 

8-18 

8*80 

718 

8*87 


Series 4. (For farther particulars, see Report of the British 


■ 


Lentil meal and bran ... Sugar . 

Lentil meal and bran... Starch .. 

Lentil meal and bran ... Sngar and staroh. 

None........... .{ Lwdktaw, augu, stuck,ooohj, 





Means .. 


General means... 


886 

885 

881 

892 

533 

538 

655 

604 

1144 

2223 



ate somovfWfi o&peated from those given in the Report of the British Association for the 

as follows-Mineral matter 0*48, nitrogen 1*88 (equal about 8*88 
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position of the Increase in Weight of Fattening Pigs. 
analysed. Mnal Weight taken at the Composition of tho “ Fat Pig ” analysed. 



Consumed to pioduce 100 Incrtaie in live-weight. 

Calculated Composition of 100 Increau in 
live-weight. 


Increase 
upon 100 
original 
weight. L 

Pei cent 
carcass in 
fasted 
ive-weight. 

Mineial 

matter 

(ash). 

Nitio- 1 
gonoua v 
com¬ 
pounds 
(dry). 

Dotal non- 
utiogenouB 
substance 
'including 
fat). 

ratty 

raattei. 

Total 

diy 

sub- 

bt&nco 

Mineral 

matter 

(ash). 

Nitio- 
gonous f 
com- g 
ponucls bl 
(diy). 

{on-mii o- 
rnous BUb- 
tdnee (ldi) 

Total diy 
biibstancc. 

I 

’ig ” actua 

ly analysed. 


71*4* 


85-4 

76*7 

88*8 

19*9 

100 

368 

15*6 

478 

0*53* 

7*76 *■ 

63*1 * 

Royal Agr 

icultural S 

ooiety of 1 

England, vol. ziv. part 2.) 


68-9 

79*6 

69*0 

61*3 

67’0 

74-6 

80-3 

69*7 

81*9 

83*0 

88*2 

86*4 

84*4 

83*7 

83*6 

83*9 

24*1 

19*8 

84*2 

17*3 

10*2 

11*0 

13*8 

17*7 

138 

114 

120 

67 

78 

68 

73 

107 

876 

278 

351 

378 

337 

333 

309 

360 

11*8 

13*8 

20*5 

26*3 

21*7 

22*5 

81*4 

00*4 

437 

412 

496 

462 

420 

401 

396 

474 

0*16 

0*36 

-0*07 

-0*36 

0*10 

0*86 

0-37 

—0*04 

6*73 

7*29 

6*03 

5*29 

6*61 

7*02 

7*38 

6*06 

69*6 

65*0 

74*2 

79*0 

70*4 

67*6 

05*7 

73*9 

76*5 

73*6 

80*1 

84*0 

77*1 

74*9 

73*4 

79*8 

67*6 

83*6 

17*0 

93 

323 

19-5 


0*09 

6*54 

70*8 

84*1 

71*9 

73*8 

76*1 

71*2 

74*4 

71*3 

84*4 

71*8 

67*4 

77*4 

88*0 

78*3 

79*8 

81*7 

77*8 

80*3 

77*8 

88*2 

78*3 

74*8 

Royal Agricultural Society of England, vol. xiv. part 2.) 



46*0 

63*7 

69*7 

66*7 

64*9 

68*6 

66*0 

44*6 

68*7 

74*6 


20*8 

81*8 

26*4 

22*1 

12*2 

16*0 

14*7 

14*8 

21*0 

17*4 

146 

187 

162 

126 

64 

91 

66 

100 

113 

87 

317 

374 

348 

878 

385 

362 

378 

372 

351 

320 

10*5 

12*6 

13*6 

14*8 

12*4 

12*0 

14*1 

14*6 

14*6 

13*1 

484 

533 

625 

525 

461 

459 

460 
491 

486 

426 

—0*66 

0*03 

-0*04 

-0*17 

0*07 

-0*08 

0*07 

-0*64 

0*0G 

0*87 

4*56 

6*37 

6* 07 
5*71 
6*46 
5*98 
6*46 
4*49 

6*38 

7*05 

6l*l 


18*7 

105 

854 

13*3 

4>78 

-0*10 

5*96 74*6 

80*6 

Royal Agricultural Society of England, vol. xiv. part 2.) 


84*1 

79*7 


61*1 

60*1 

84*6 

87*8 

34*9 

19*7 

104 

76 

826 

287 

85*1 

20*9 

464 

382 

-0*37 

-0*05 

5*26 

6*18 

79*1 

73*6 

66*7 

86*0 

26*6 

90 

303 

22*8 

419 

-0*21 

5*69 

76*3 

81*8 

Association for the Advancement of Science for 1864.) 



86*4 

87*0 

96*8 

106*8 

83*1 

80*1 

81*7 

80*8 

16*8 

16*2 

14*6 

14*7 

81 

81 

74 

82 

330 

329 

361 

820 


427 

425 

439 

417 

mm 

I . 

1 

7*53 

7*58 

7-98 

8*17 

64*1 

63*9 

62*0 

59*9 

f 72*1 
78*0 
70*6 

68*8 

94*3 

81*4 

16*0 

80 

382 


427 

KS3 

7*81 

62*5 

70*9 


• •Ml* 





in 


6*44 

IBQ 

. 78*0 


Advancement of Science for 1862, where the composition of tho increase of this analysed “ fat pig ” is given 
nitrogenous compounds), 08'4 fat, and 71*8 total dry substance, 

MDCCOUX 4 A 

4 
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It is obvious, that the conectness of the indications of these Tables will entiicly 
depend upon the appiopnateness of the composition of the animals actually analysed m 
diffeient conditions of matuiity, to represent' that of the animals (m their lospcctive con¬ 
ditions), to which the direct analytical data are to be applied. The results must, theic- 
fore, be only looked upon as appioxunations; though, so far as we believe, the data 
now supplied constitute the most reliable basis for estimates of this kmd at piesent at 
command Indeed, in conoboration of the probable general conectness of the indica¬ 
tions, it may be lemarked, that, as fattened animals are seen to oontam a much larger 
proportion of dry substance than leaner ones, and as their diy substance contains a 
larger proportion of fat, and less of nitrogenous and mineial matters, it is clcai, that the 
increase itself must contain a higher percentage of total diy substance and of fatty 
mattei, and less of nitrogenous and mineral matters, than the entire body of the fattened 
animal The estimates of the composition of increase recorded in the Tables agree in 
feet very well with what we might anticipate; and they are, with some slight qualifica¬ 
tions, in the main consistent with the direct lesults arrived at, as to the composition of 
the increase of the individual fattened pig. It should be remaikcd that the composi¬ 
tions of the fl-nimalfl analysed, which form the basis of these estimates of the composi¬ 
tion of increase, axe given (see Table YU.) on the fasted livo-weight, so as to elimi¬ 
nate as far as possible the influence of the variable amount of contents of stomachs and 
intestines The percentages thus calculated to the fasted live-weight) are, however, for 
the purposes of the Tables now under consideration, applied to the original and final 
weights of animals , in the infested condition. The tendency of the coirection due on 
this head, would be slightly to reduce our estimated percentages of fat, and of total dry 
matter , «nd slightly to raise those for the nitrogenous and mineral matters. 

"With regard to oxen, it was difficult to find the lecord of experiments, in which the 
animals had been fed over a period of time sufficiently long to represent a change in 
condition equal to that assumed between the Bullock taken as “ half-fat,” and that 
analysed as “ fat.” As is seen, in Table VUI., the calculation has, in all, been made 
for ninety-eight animals; twelve of which were fed for nearly nineteen weeks; fifty for 
23£ weeks, and thirty-six for 26 j- weeks. It is probable that the estimate is the most 
nearly coirect for the thirty-six animals, whose period under expeiiment was the longest, 
and whose proportion of increase upon 100 of their original weight was the highest. 
The mean of all the ninety-eight animals gives for the composition of the increase 76*4 
per cent of total dry substance, of which 66*2 was fet, 7*67 dry nitrogenous compounds, 
and 1*47 mineral matter. These figures may, perhaps, be taken as pretty nearly repre¬ 
senting the average composition of the increase over the concluding period of half a year 
or more, of animals well fed on fattening food, and brought at last to a fear condition 
qf maturity and fatness. In passing a judgment as to the probable direction of their 
•Mte/we should say, that the fet and total dry matter are more likely to be given 
raEBbt too high, and the nitrogenous matter somewhat too low. 

' composition of the increase has been calculated for 348 animals, in 
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lots of never less than four, and in some cases forty or more. These animals were all 
carefully selected for the purposes of experiment; their weights were accurately taken 
at the different periods; and, in most cases, the amount and the composition of the food 
they consumed were determined. The compositions applied in the calculations to the 
' original and ,final weights respectively, of the different lots, are adopted, or deduced, from 
those of the Sheep actually analysed, according to the reputed condition of the animals 
at the commencement and the conclusion of the feeding experiments. In Class I. (see 
Table IX.), large numbers of animals were fed for a considerable period of time, from 
a fair “store” to a fair “fat” condition. Accordingly, the composition of the “store 
Sheep” analysed, is applied to the original weights, and that of the “ fat Sheep” to their 
final weights. In Class II. the animals were fed from the “fat” to a “very fat ” con¬ 
dition. In these cases, therefore, the original weights ore calculated at the composition 
of the “ fat Sheep,” and the final weights at that of the “ extra-fat Sheep.” In Classes 
III. and IV. the animals were taken in a partially fattened condition, and fed to that of 
m oderate fatness. The per cent, of carcass in fasted live-weight as given in the Table, 
shows pretty well the comparative fined condition of the different lots; and this was 
obviously not very widely different, in Classes I., III., TV., and V. In Class III., how¬ 
ever, the period of the feeding experiment was comparatively short; and in Class IV., 
though the period was longer, the food was not so well adapted; so that, in both these 
cases, the proportion of i/ncrease to the original weight is seen to average only about 
half as much as in Class I. Owing to the circumstances here enumerated, the compo¬ 
sition of the original weights of the Sheep of Classes III. and IV. is token at tlio mean 
between that of the “store,” and that of the “fat Sheep,” analysed; and that of their 
final weights at the composition of the “fat Sheep” itself* Prom considerations of a 
favmijqT nature, in Class V. the original weights are taken at a composition between that 
of the “store” and that of the “fat Sheep”—but supposed to be two-thirds, instead of 
only one-halt advanced towards the fatter state. The final weights are, as in most of 
the cases, taken at the composition of the “fiat Sheep” analysed. 

It will not, of course, for a moment be supposed, that the differences indicated in 
Table IX., between the composition of the increase of the-animals of different breeds, 
or those fed on different foods, are really to be attributed to the variations in those con¬ 
ditions as there described. It is enough to claim, that the results, as a whole, give us 
the best indication of the probable composition of the increase of fattening Sheep, at 


present at command. 

To go to the figures (see Table IX.), the increase of fattening Sheep appeared to 
contain from 2 to S per cent, of mineral matter. Either of these estimates is, however, 
, undoubtedly too high. The error is due to the amount of adventitious mineral matter 


in the aih of the wool, as before referred to, which happened to be the greater in 
that of It .was still thought better to record the numbers in the 

‘ i 1 - -or .L Lsr r . W 1 . . j i 
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calculations the ash of the wool, the percentage of mineral matter in the increase 
would appear to be certainly under 2, and sometimes under 1J per cent., for the cases 
of the fattening Sheep given in the Table. 

The average estimated percentage of nitrogenous compounds in the increase of the 
fattening Bullocks, is 7*G9; that for the fattening Sheep is, as would be expected, 
somewhat less, namely, 713. The average estimated percentage of fat in the increase 
of the Oxen is 66*2; whilst that in the Sheep is 70-4. The direction of the difference 
is, here again, that which would be anticipated. Finally, the estimated percentage of 
total dry substance in the increase of the Oxen, was 75*4; and that for the Sheep, was 
79-9. Granting that the estimates for the composition of the increase of the Sheep, like 
those for that of the Oxen, are more probably too high than too low, still there can be 
little doubt, that, under at all comparable conditions, the increase of the fattening Sheep 
would contain a Bomewhat less proportion of nitrogenous matter, and a somewhat larger 
one of both fat and total dry substance, than that of Oxen. On the other hand, common 
observation would lead to the supposition, that the increase of the fattening Pig would 
bo less nitrogenous, and contain both more fat and more total dry substance, than that 

of the Sheep. 

In Table X. are given the calculated estimates of the composition of the inmase of 
about eighty fatt ening Pigs—divided into lots of three, four, or six animals each. The 
composition of the increase of the analysed ** fat Pig” (given at the top of tho Table for 
the sake of comparison with the other estimates), shows 0*53* por cont, of mineral 
matter, 7*76 per cent, of nitrogenous compounds, 63*1 per cent, of fat, and in all, 71*4 
per cent, of total dry substance. Against these numbers, which undoubtedly represent 
the truth very closely for the particular case in question, the average of all the other 
estimates in the Table gives 0*06 per cent, of mineral matter, 6*44 per cent, of nitro¬ 
genous compounds, 71*5 per cent, of fat, and 78*0 per cent of total dry substance. 
We have then, in the average of the estimated composition of the increase of these 
numerous fatt ening Pigs, rather leas mineral matter and nitrogenous compounds, and 
several per cent, more fat and total dry substance, than in that of the single analysed 
“ fat Pig.” Most of the animals, the composition of whose increase is thus estimated, 
were, however, in a somewhat further advanced condition, both at the commencement and 
the conclusion of the experiment, than the single analysed il fat Pig.” Some evidence of 
this is to be found in the relation of the “ original” weights, and of the percentages of 
carcass m fasted Hve-weight, as recorded in the Table. It would therefore in all pro¬ 
bability be really the case, that in the average of the instances brought under the calcu¬ 
lation, the increase would contain a less proportion of both mineral and nitrogenous 
matter, and a larger one of both fat and total dry substance, than that of tho single 

corrected from those given in tho Report of the British Association for tho 
5, where the composition of the increase of this analysed “ Jht pig” is given 
i t nitrogen 1*83 (equal about 8*88 nitrogenous compounds), 08 4 &t, and 


* These figures are somewhat 
of Science for 185: 
•flirneml matter 0*4 
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analysed Pig. With regard to the amount of mineral matter in the increase, attention 
should be called to the fact, that, according to the figures in the Table, it was always 
very small; whilst, in many cases, there was apparently no increase whatever, but even 
a loss of mineral matter during the fattening process. From the general character and 
habits of the animal , and its known tendency to fatten rather than to grow, we should 
indeed anticipate that the bony frame-work, which is the chief storehouse of mineral 
matter, would develop proportionally much less in the fattening Pig, than in either 
fattening Sheep or Oxen. Still, it would be hardly safe to assume, upon the evidence of 
the analysis of two animals alone, that there would frequently bo an actual reduction of 
the total miner al matter of the body, dining the fattening period. The alternative is 
to suppose, that the analysed fattened Pig was of rather lighter frame, than should 
have been, for strict comparison with the analysed leaner one. 

The following is a Sum mar y of these numerous estimates of the composition of the 

increase of fattening oxen, sheep , and pigs :— 


i 

Table XI. —Summary of the Estimated Composition of the Increase of 

fattening Oxen, Sheep, and Pigs. 


Cases. 

Calcula 

Mineral 

matter. 

ted composition 
whilst fatti 

NitrogoiiouB 

compounds 

(dry). 

of 100 / 
wing. 

Fat. 

h crease 

Total 

dry 

Bubstonce. 

AvaracrA for Q 8 Oxen .. 

1*47 

8*84* 

0*06 

0*53 

7*69 

7*13 

6*44 

7.76 

66*8 

70*4 

71*6 

63*1 

75*4 

79*9 

78*0 

71*4 

AveragA for 348 Sh 66 Da«« ■•»»»*»••«■••«»••• 

AvftrflPG for 80 Piffs 

Thg analysed fat Piff.i.••*«*•***■*»#«•»«• 


Mean... ........ 

HO 

7*86 | 

67-8 

76*8 



It would appear^ that we may probably estimate the increase in weight of liberally 
fed Oxen , over six months or more of the final fattening period, to contain from,70 to 
75 per cent, of its weight of total dry substance. Of this, by far the larger proportion, 
say 60 to 65 parts, will be fat; 7 to 8 parts will be nitrogenous substance; and 1 to 1-J 
part mineral matter. 

On the same plan of calculation, the final increase of mil-fed Sheep , fattening during 
several months, will probably consist of 75 per cent., or more, of total dry substance; of 
which 65 to 70 parts will be fat; 7 to 8 parts nitrogenous compounds; and,(making 
allowance for the error in the ash of the wool) perhaps about Impart of mineral matter, 
The increase of Pigs fed for fresh pork, during the final two or three months oh fatten¬ 
ing food, may bp taken at about 70 to 75 per cent, total dry substance, 68, to 68 per 
cent, of fat, 8 to 5 per cent, nitrogenous substance, and considerably less than 1 per 

j ' l , r ** j • 

# Protably &om frfcHsiTfyyet beut. v top high; owing to, thp amount of adyentitioxia matters in the wool 
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cent, of mineral matter. The increase over the Inst few months of high feeding, of Pigs 
fed for owing, will however contain higher percentages of both fat and total dry sub¬ 
stance, and lower ones of both nitrogenous compounds and mineral matter, than that 
of the more moderately fattened animal. 

From the whole of the evidence the striking fact appears, that about three-fourths of 
the gross increase in live-weight of animals “ feeding ** for the butcher, will be dry or 
solid matter of some kind. About two-thirds of the gross increase will be pure fat 
Only about 7 or 8 per cent, of the gross increase, and scarcely more than one-tenth of 
its total dry substance, will be nitrogenous compounds. Lastly, such increase may 
frequently contain less than 1, and seldom more than 1J per cent, of mineral matter. 


Sbotioit VTO.—RELATION OP THE CONSTITUENTS STORED UP IN THE INCREASE, TO 
THOSE CONSU MED IN THE POOD, BY FATTENING- ANIMALS. 

1. Amounts of Mineral Matter , Nitrogenous Compounds, Nonmitrogenous substance, and 
Total Dry Substance, stored up in Increase, for 100 of each , consumed in Food . 

Having now arrived at approximate estimates of the composition of the increase 
accumulated by certain animals, during the final fattening period, it will be interesting 
to consider the probable relation of the constituents so stored up in the increase , to those 
consumed in the food which produced it In the cases of most of the Sheep, and of all 
the Pigs, to which Tables IX. and X respectively refer, the amounts of certain of the 
most important constituents of the food, which were consumed to produce a given weight 
of the increase whose composition is there estimated, had previously been determined, 
and are, for the sake of reference, recorded in the Tables, by the side of the estimated 
composition of the increase itself which was due to their consumption: that is to say, 
by the side of the estimated amounts of mineral matter, of nitrogenous compounds, of 
non-nitrogeuous organic substance, and of total dry substance, respectively, contained 
in lOQlbs. of the increase mhve-weight, therein recorded in the Tables, the amount 
dif each of these consumed in the production of that 100 lbs. of increase. We have thus 
the easy means of estimating the proportion of each of these classes of constituents 
stored up in the increase, for 100 parts of the same consumed in the fatt enin g food. 
'XSIffi jrepqtts of such, a calculation are given in Table XII. for the different lots of Sheep, 
' ? fq^fhe-different lofa of Pigs. .■ ; V 
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Table XII.—Showing the Estimated Proportion of certain constituents stored up in the 
Increase of Weight of Fattening Sheep, for 100 of each, consumed in food. 


1 

General particulars of the experiments. 

Amount c 
stored up 
saix 

if each da 
in in crew 
te consume 

bs of const 
ie for lo0 
id in food. 

111 

Breed. 

Number 

of 

animals. 

Dura¬ 

tion. 

Description of fattening food. 

Mineral 
matter 
(ash) *. 

Nitro- , 
genous . 
com¬ 
pounds 
(dry). 

Non-m- 
rogonoue 
sub- 1 
stance. 

Total 
!ry sub¬ 
stance. 

Given in limited quantity. 

Given 
ad Mitum. 

Glass I. (For data, see ClasB I. Table IX.) 


Catswolds . 

Leuseiters. 

Cross-bred wethers 
Cross-bred ewes .... 
Hants downs . . .. 
Sussex downs. 

46 

40 

40 

40 

40 

40 

whs days. 

19 5 

SO 0 

20 0 

SO 0 

26 0 

26 0 

Oilcake and clover bay . ! 

Oilcake and clover hay ... . >. ! 

Oilcake and clover bay .! 

Oilcake and clover hay . ' 

Oilcake and clover hay.1 

Oilcake and clover hay .! 

Swedish turnips 
Swedish turnips 
Swedish turnips 
3wodish turnips 
■Swedish turnips 
3wedish turnips 

3-98 

3-16 

3*24 

3*25 

3-40 

8*30 

4*43 

3*39 

8*60 

3*60 

4*28 

4*16 

11-6 

12-0 

11-6 

11*8 

10-3 

10*3 

960 

9-48 

9-31 

9-40 

8-40 

8-14 

Means # • ■ * | 

8*39 

8*91 

11*8 

9-12 

Glass HI. (For data, see Glass HI. Table E 

X) 

9-33 

9*45 

8*19 

Hants downs. 

Hants downs .... 
Hants downs. J 

6 

5 

5 

13 6 

18 6 

13 6 

Oilcake . 

Oats. 

Clover cbfiffi him •• • • 

Swedish turnips 
Swedish turnips 
Swedish turnips 

4*10 

r>*73 

3-98 

4*01 

7*07 

7*44 



Moans . .. 

462 


Ml 

ClaBS IV. (For data, see Glass IV. Table IX.) 

Hants downs. 

Hants downs. 

Hants downB.. 

Hants downs ,**.**««*■ 

5 

6 

5 

6 

19 1 

19 1 

19 1 
19 1 

Oilcake .. 

Linseed . 

Barley... 

Malt.. 

Clover chaff..... 
Clover chaff..... 
Clover chaff..... 
Clover chaff..... 

MOM 

■Ej 

[e| 

2‘20 

2-32 

2*82 

2*17 

0*3 

6*3 

5*7 

5*3 

5*07 

5-19 

5*00 

4*61 


Means...... 

1-68 

2*38 

5*0 

4*97 

ClaBS V. (For data, see Glass V. Table IX.) 


Hants downs... 

Hants downs.. .«... 
Hants downs. 

Hants downs. 

Hants downs * * • • • • 


Ml 

Barley (ground).. 

Malt (ground) and malt dost.. 
Bailey (ground and ttseped ).. 
f Malt (ground and t/eepsd) \ 

1 and malt dust. 

Malt (ground) and malt dust.. 

. Mangojds .......t 

Mangolds,....... 

• Mangolds....,.,. 

Mangolds.. 

.Mangolds....,.,. 

3*80 

4*04 

8*72 

m 

3*46 

6-05 

6-18 

6*35 

4-34 

6*46 

9-8 
164 
8*0 „ 

9*3 

9*1 

8-91 

9*49 

8*28 

8*23 

8*25 

Means. . 

8*59 

5-60 

9*8 

8-63 

General means.. 

. 8*27 

4-41 

• 9-4 

8-06 


' * The amount! of “ mineral matter” aw too high, owing to the adventitious matters retained hy the wool. 












































Table XIH. _Showing the Estimated Proportion of certain constituents stored up in the 

Increase of Weight of Fattening Pios, for 100 of each, consumed in food.' 


General particulars of tlio experiments. 


Pens. 


Number 

of 

animals. 


4 

5 

6 

7 

8 
12 


Dura¬ 

tion. 


Description of fattening food. 


Given in limited 
quantities. 


Given ad libitum. 


Amount of each class of constituents stored up in 
incicase for 100 of ilio same consumed iu food. 



Nitro- 

Mineral 

genons 

matter 

com¬ 

(ash). 

pounds 

(dry). 


Non-ni- 

IrogenousJ 

sub¬ 

stance. 


Total 
dry sub¬ 
stance. 


Fat. 


Tlio “Pal Pig” analysed. 




wks.days. 

f 


1 

10 0 

None ... j 


Bran one part, bean and lentil meal 
two parts, and barley meal three 
parts 


■ * •« • • • 


- 

- 

- - - 

- — 




2-66 

7-76 

17*6 

14*0 

405 


Series 1 * (For data, see Series 1. Table X.). 


8 


|| 


3 




3 




8 




8 

3 


s 


3 


■ 


3 





i 

HH 

i 


None • . ... 

Indian meal 
Indian meal and branj 

one. 

Beau and lentil moal 
Bran .. . .. .. .... 
Bean and lentil 
meal, and bran 

None . 


Boan and lentil meal . 
Bean and lentil meal . 
Boan and lentil meal.. 
Indian meal . . 
Indian meal . . 
Indian incal 


» .»•••■ ***nt 


[Indian meal ... 

Bean and lentil meal, Indian meal 1 
and bran, each ad hbihnn .j 


Moans 


Series 2* (For data, boo Scries 2. Tablo X.). 


0*68 

4*88 

25*3 

17*5 

1*86 

6*39 

23*7 

Kill 

—0‘33 

5*02 

21*1 

16*1 

-2-09 

9*28 

20*9 

■Ml 


9*18 

20*9 

18*4 

2*85 

12*10 

20*3 

18*7 

2*71 

10*03 

21*3 

18*6 

-0*22 

5*65 

21*1 



— - 


- - 

0*74 

7*82 

21*8 

17*8 

bloX.). 

. pi 





1 

3 

8 

8 

3 

A 

/ 

Nnnft . 

Bean and lentil meal.. 

—3*90 

3*12 

96*5 

18*3 

801 

L 

2 

3 

J 


RnrliVir mMil. 

Boon and lentil maul *. 



19*2 

14*7 

mm 


Rnm ... 

Bean and lentil incal .. 


3*99 

21*2 

15*2 

547 


Itarlow mAftl ofirl Imii 

IIaoh nml lentil manl . . ....... 


4*57 

20*1 

15*6 

■jfEB 

4 

5 

A 

* 

iiaTioy mow uuu utiui 
M/inrt ... . 

Berlov meal.. . . 


10*09 

18*5 

16*9 


M 

3 

8 

8 

1 # 

1 # 

f 


Bean and lentil meal 
Bran . ... . * ... 

J Beau and lentil' 

Bariev meal...* ,..• 

-0*53 

6*57 

21*1 

17*5 


D 

ft 


Borin meal... .. >*• 

0*49 

9*79 

18*9 

16*9 


i 

8 

i 

9 and 10 

11 and 12 

. 8 0* 

Bariev meal. - .. ..... .. ......... 

-4*33 

4*40 

22*7 

18*0 

578 


\ meal, and bran. 

None .....« 

Mixture of oik pait bran, two p,irts 
barley meal, and three parts 

beau and lentil moal.. 

Mixture of one part bran,two parts 
bean and lentil meal, and throe ■ 
parts barley meal .., 

0*27 

5*65 

20*4 

16*1 

495 


t 

Nona .. * 

1*58 

8*10 

21-1 

17*6 

515 

/ 








Means. ... 

CJrJ 


21*0 

“e*r 



Series 8* (For data, bog Series 8. Table X.), 


621 

477 

362 

300 

324 

300 

307 

362 

1ST 


1 

2 

4 

4 


Dried cod-fish. 

Dried cod-fish. 

Bran and Indian meal (equal prnrts) 
Indian meal. 

1 I 

©w- 

call 

5*06 

8*16 

94*8 

25*0 

18*1 

20*9 

815 

359 





Means. 

—0*66 

6*61 

24*9 

19*5 

333 

Series 4f (For data, see Series 4 Table X.)* 


1 

L't ; : 

■ 

-10 0< 

/ 

Lentil meal and bran 
Lentil moal and bran 
Lentil meal and bran 

None .| 

Sugar ...„..... 

Starch..... 

Sugar and starch .. 

Lentils, bran, sugar, starch, each l 
aiUbtivm . J 

3*07 

3*18 

4*06 

4*80 

0*30 

9*80 

10*78 

9*96 

19*4 

19*4 

17*7 

18*7 

1 



mm 

1 

Moans . 

3*78 

9*85 

18*8 

16*6 



0*58 

7*84 

21*2 

17*8 

472 


flfche Royal Agricultural Society of England, vol adv. part 2. 
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It will be observed, by reference to the columns in Tables DC and X. respectively, which 
show the proportion of the total non-nitrogenous to the total nitrogenous constituents 
of the food, that it was>in some cases nearly double os much as in others. It might be 
urged, therefore, that it was quite irrelevant to apply one and the same composition to 
the final weights of animals fattened on foods differing so widely in this respect. It is 
not denied, that, other things being equal, a highly nitrogenous food may give some 
tendency to a greater proportion of increase in frame and flesh; but all observation would 
lead to the conclusion, that, at least with animals fattening under ordinary conditions, 
this would happen hut in a very limited degree; in fact, by no means in anything like 
a numerical proportion to the increased relation of the nitrogenous to the non-nUrogo 
nous constituents of the food. It has been found, indeed, that as our current fattening 
food-stuffs go, the increase in weight is more in proportion to the amount of digestible 
non-nitrogmovSi or total dry organic substance^ than to that of the nitrogenous com¬ 
pounds consumed. And, although with a high proportion of available jww-nitrogeiious 
matter in the food there is a somewhat less tendency to increase in frame, and a greater 
one to fatten, yet animals which have been fed on very highly nitrogenous food, though 
as a rule they have appeared to grow somewhat more, have nevertheless frequently been 
extremely fat. Upon the whole then it is concluded, that the relation of the nitroge¬ 
nous matter to the fat, in the increase of the fattening animal, is by no moans increased 


in the degree which might be expected, by a considerable increase in the proportion of 
the nitrogenous to the non-nitrogenous compounds in die food, The proportion of the 
nitrogenous matters in the increase is, there is little doubt, much more affected by the 
age and habits of tlio animal than by the proportion (if not below a certain limit) of 
the nitrogenous constituents in the food. From these considerations, and owing to die 
comparatively small proportion of the several constituents of the food actually,atorod 
up and retained in the increase, any error arising from adopting the same composition 
for the final weights of animals fattened on very various foods, will be immaterial in 
forming general and average estimates of the proportion of the constituents stored up in 
the increase, tp those consumed in the food. "With these explanations then, and calling 
attention to the reservations winch they obviously imply, we adopt as they stand, for the 
basis of our calculations, the records of constituents actually consumed, and tire estimates 
of the composition of the increase produced as given in Tables IX. and X. respectively, 
and proceed at once to consider the indications so obtained. 

From Table XII. it is seen, that taking the average of the numerous experiments with 


Sheep, rather more than 3 per cent, of the total mineral matter consumed in the fatten* 
ingfood would appear to be retained in the increase. Assuming the due correction m#de, 
for thj^extaiumous mineral matter in the wool of the fat animals analysed, the te&ge 
of the pases.in question would show rather less than 8 pear centi of tjw mineral mate 
cotdhfrvtesti up in the increase,, la Class IV. dry fbod given, and 

such as pfjnteal matter tp Biibstanco. In 


thifi case, ther 
'mucoolix. 


q 3 i rrJ Z f Th* * i 




mate which appears to be 
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stored up in increase, is relatively very small-—namely, only 1-08 per cent. The other 
Classes, however, in which there was a limited proportion of dry food, and the romaindor 
consisted of succulent roots, much more nearly represent the usual conditions of the food 
of fattening Sheep. Upon the whole, it maybe concluded, as an aveiage cstimato for 
Sheep fatt ening for the butcher on good mixed diet of dry and succulent food, that they 
will certainly not carry off more, and perhaps frequently less, than 3 per cont. of the con¬ 
sumed min eral matter. Were it not indeed that Sheep are now generally fattened when 
still young and growing, the proportion of the mineral matter consumed which would 
be retained dming the so-called fattening period, would probably bo extremely small. 
In fact, it can hardly be greater, on the average, than above supposed, taking the whole 
period of existence of the animal. But it is obvious, that the proportion will depend 
much more on the character of the food, as to the quantitative relation of its mineral 
matter to its available organic substance, than upon any other circumstance. At any 
rate, the proportion of the mineral matter consumed by either store or fattened animals, 
which is sent off the farm in their bodies, is comparatively small; and from the per¬ 
centage indicated in the Overweight of the animals in the different conditions, as given in 
Table VII., the annual exhaustion of the farm from the sale of known woights of animals 
is a matter of easy calculation. 

Table XII. shows the estimated proportion of the total nitrogenous compomdtt 
retained in the increase of the fattoning Sheep, to havo been, on the average, lens than 
6 per cent of that consumed in the food. Assuming a liberal mixed diet of hucnilent 
roots and dry food, it is probable that when the latter consists chiefly of pulse, oilcake, 
or other highly nitrogenous matter, the proportion of the nitrogen consumed which will 
be carried off in the increase of animal, will be less than 6, and perhaps even less than 
4 per cent. On the other hand, when the dry food consists to any great extent of cereal 
grain or other food containing a comparatively low percentage of nitrogen, it is probable 
that more tha n 6 per cent, of the total nitrogen consumed will bo carried off in increase. 
It will be observed, that on either supposition, the proportion of nitrogen expired, 
perspired, or voided, will be considerably more than 90 per cent., whilst it may be more 
than 96 per cent., of the total nitrogen consumed by the fattening Sheep. 

It appears that for 100 parts of a ^nitrogenous substance consumed in food, there 
were on the average (excluding Class IV.) about 10 stored up in the fattoning sheep, in 
the form otfat itself* 

For 100 of total dry substance of the food, about 8 or 9 of dry substance would appear 
to be stored up in the increase of the animal. It will be remembered, that in the dry 
substance of the food of the Sheep, there is, compared with that of the Pig, a consideiably 
larger amount of indigestible woody fibre. There is, therefore, a larger proportion of 
the consumed food necessarily at once effete. 

f * Table XIII., which relates to the Pigs> would show that there is probably fully twieo 
dry substance stored up for 100 consumed, as in the case of Sheep. The average 
of shows 17'3 per cent, of the consumed dry substance storod up in the 
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increase, against about 15 per cent, in the case of the individual analysed fat pig. As 
just stated, there were, in the case of the Sheep, only about 9 parts of dry substance 
stored up in increase, for 100 total dry substance consumed. 

For 100 of won-nitrogenous constituents of food, the Pigs would Beem to have stored 
up 20 or more of fat, whilst the Sheep yielded only half that amount. 

Of mtrogemm compounds again, it would appear, according to the estimates, that 
there was on the average about one and a half time os much of the whole consumed 
stored up in the increase, as in the case of Sheep. The average of the estimates for the 
Pigs, shows 7*34 per cent, of the consumed nitrogen stored up, against 7-0 per cent, in 
the case of the analysed fat pig. The greater the proportion of pulse in the fattening 
food of the Pig, the smaller will be the proportion of the whole nitrogen consumed, 
which will be stored up in the increase. And on the other hand, the larger the propor¬ 
tion of cereal, with its comparatively small percentage of nitrogen, die larger will bo the? 
proportion of the whole carried off in the increase in weight of the animals. The 
evidence at command would lead to the belief, however, that there is almost uniformly 
less than 10 per cent., and sometimes perhaps as little as 6 per cent, of the nitrogen of 
the food of the fattening pig carried off in its increase. 

It has already been pointed out, how small, in all probability, wiw the percentage of 
mineral matter in the increase of the rapidly fattening Pig. Reasons wove given for sup¬ 
posing, however, that our estimates might show it to bo lower than really was tin* case. 
There is little use therefore in examining at all closely results which are bunt'd upon 
those doubtful estimates. Moreover as the mineral matter in the food varies very much 
indeed in its proportion to those constituents which prominently rule the amount and 
character of the increase, the proportion of the mineral matter consumed by the fatten¬ 
ing Pig, as well as the fattening Sheep, which will be stored up in the increase, will be 
much more variable than that of the other constituents. It is sufficient to say, that in 
the case of fattening Pigs at least, the proportion of the oonsumed mineral matter which 
will not be reclaimed in the manure is almost immaterial. 

Finally, in regard to the results of Table XIII., it appears that for every 100 ports of 
fatty matter in the food there were probably, on the average (depending on the character 
of the food), 400 to 500 parts of fat stored up in the increase of the animal. It is 
obvious, therefore, that there was n formation of fkt in the animal body, from some other 
, constituent or constituents of the food. To this point we shall recur presently. 


2. Amounts of Mineral Matter , Mtrogemm Compounds , Fat, and Total Dry /Substance 
stored tip in Increase, and of matter expired,perspired, or voided, for 100 of Collective „ 
Dry Substance cammed in Food. \ * 

Having by means of Tables XII. and XIII. shown the probable proportion of each 
of certain cmmtitufintfi ofthefood of fattening, Sheep and Pigs, which will be stored up 
in the increase of! & fattening animals for 100 of the same oonsumed in the food, it 
will be well’to.follow ujp; flame of calculation, 
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how much of the several constituents would bo stored up in the increase/or 100 of tlw 
collective dry suhstmee of the foods consumed; and lastly, how much of the whole would 
be expired, perspired, or voided. These particulars arc shown in Table XIV. for the 
different sets of Sheep, and in Table XV. for the different sets of Pigs. 


Table XTV. —Showing the Final Distribution of the Constituents of the Food 

consumed by fattening Sheep. 


General partlculms of the experiment. 

11 

S 

DO diy ma 

llorcd up i 

Nilio* 

gonons 

com* 

pounds 

(dry). 

Iter of l f oo 

in Ineieohc 

Non* 

uilio- 

genous 

bub- 

stance 

(W). 

d gave— 

i. 

Total J 
dry 

Increase. 

Expired, 

perspired, 

or 

voided. 

Breed. 

Number 

of 

Duration. 

Description of fattening food. 

Mineral 

mailer 

(ash’*). 

Given in limited quantity. 

Given 
ad libitum. 

Class I. (For data, see Class I. Table IX.) 



Cots wolds .. 

Lekestera .......... 

Cross-bred wethers... 

Cross-bred ewes. 

Hants downs.. 

Sussex downs. 

40 

40 

40 

40 

40 

40 

nrks.da.ys. 

19 ft 

20 0 

20 0 

20 0 

26 0 

26 0 

Oilcake and clover hay >• • 

Oiloako and clover hay. 

Oilcake and clover hay. 

Oilcake awl clover hay. 

Oilcake and dover hay. 

Oilcake and dover hay 

9wedi*h turnips 
Swedish turnips 
Swedish tnmipfc 
Swedish turnips 
Swedish turnips 
Swedish turnips 

0*26 

0*33 

0*21 

0*24 

0*26 

0*20 

0*92 

0*73 

0*77 

0*78 

0*93 

0*90 

8*41 

8*5;) 

8*29 

839 

7*30 

7*20 

9*00 

0*48 

9*31 

9 41 
8*49 
8*44 

** m m 

0*12 

90-40 

90-52 

90 00 
00*50 
91*61 
01*56 

Moans. 

111 

0*84 

8*03 

90*88 

Glass HI, (For data, sec Class ITL Tablo IX.) 

Hants downs. 

Hants downs. 

Hants downs. 

H 

13 0 

18 6 

18 6 

Oilcake ... 

Oats. 

Clover chaff . 

Swedish lumps 
Swedish turnips 
Swedish turnips 

0*23 

0*25 

024 

0*77 

0*88 

0*86 

8*32 

8*32 

7*40 

9*31 

9*40 

8*49 

00*60 

90*50 

01*01 

Moans *»••• ••• 

0*24 

0*83 

8*01 

908 

0002 

Class IT. (For data, see Class IT. Table IX.) 




Hants downs.. 

Hants downs . 

Hants downs.. 

Hants downs. 

5 

ft 

a 

5 

19 1 

19 1 

19 1 

19 1 

Ofleake . 

Linseed ... 

Barley..... 

Halt...... >. 

Clover chaff..... 
Clovor chaff..... 
Clover ehaff..... 
Clover chaff... 

mm 

■2J9 

■laTafe 

I 

w7[Bi 

4*48 

4*02 

4*47 

4*20 

6*07 

0*19 

0*00 

4*01 

94*08 

94*81 

90*00 

05*30 

Means.. 

0*12 

0*40 

4*44 

4*97 

00*03 

Class T. (For data, see Class T. Table IX.) 

Hants downs. 

Hants downs. 

Hants downs.. 

Hants downs. 

Hants downs........ 

4 

ft 

4 

4 

« 

10 0 
10 0 
10 0 

10 0 

10 0 

Barley (ground).. 

Milt (ground) and malt dost... 
Barley (ground and tttepad), 

J Malt (ground aud 

1 and malt dust...j 

Malt (ground) and malt dost. 

Mangolds........ 

Mangolds. 

Mangolds....... 

Mangolds. 

Mangolds. 

WTjjll 

VjajtS 

1 s 

0*74 

0*82 

0*84 

0*58 

0*72 

7*93 

8*42 

7*20 

7*45 

7*33 

8*91 

9*49 

8*28 

8*23 

8*20 

91*00 

00*51 

91*72 

91*77 

01*75 

Means.. 

* . 1 n ___—__ 

0*23 

0*74 

7*66 

8*63 

01*87 


0*21 

0*72 

7*18 

8*06 

91*94 


v 4 of mineral matter am too high* owing to the adyentttiooa matter retained by the wool* 
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Table XV.—Shomng the Final Distribution of the Constituents of the Food 

consumed by fattening Pigs. 

' ~ ' 100 dry matter of Pood gave— 

General particulars of the experiment, - i 


Stored up in Increase. 


Number 
Pena. of 

animals. 


Duration. 



Given iu limited 
quantity. 


wks-daya. 

10 0 None 


9 audio 6 
11 and 19 6 


Description of fattening food. 

fl hed Given ad libitum, 

b ___ 

The “ Put Pig " aunty soil 


Bran ono part, bean and lentil meal 
two porta, and Imrlcy meal three 
parts . 


matter 


Nitre- 

Non- 

gonmiB 

nitro* 

com¬ 

gonous 

pounds 

HUlwtancc 

(dry). 

(fat). 


— Expired, 

per- 

Totol npircil, 

ilrtf or 


Sorias 1 (Por data, boo SorioH X. Table X.). 


None ..Bean and lentil rooal 

Indian meal. Bean and lentil moal 

Indian meal and bran Bean and lentil inonl 
None .Indian meal. 


Bran .Indiaumeal. 

» 9 #■ « ... .1 1... 


OHM 

1*04 

0*00 

1*77 

-0*01 

1*31 

-0*08 

M 7 

0*02 

1*57 

0-07 

1*75 

0*09 

1*85 

-0*01 

1*27 

. 0 03 

■v C« 

* 

J 

r 


i;*oi 

17*8B 

10*15 

1858 

18115 

18*08 


82*40 

82*14 

88*85 

81*42 

81*05 

bkh 


S«rio8 2 (Por <ktn, hoo Bunch 2. Titbits X.). 

Nona .Bean and lentil meal... — U*18 

Barloy meal.Bean and lentil metal. 0 ill 

Bran*.Bean and lentil meal.. -(Mil 

Barley meal and bran Bean and lentil meal.. -[MM 

None .Harley meal. fJJ 

Bean and laatll meal Barley weal.,... 

Bran .Barloy meal...-.<Wi 

J *** Bsrfojr mttl .*.*. itth ' 

** ’ f Mixture, one part bran, two parti] 

None .. barloy meali and three portal 0*01 

I bean and lentil meal . 

1 Mixture, one part bran, two parts 

None .* bean ted lentil meal, and three J 0*00 

(, parts bartoy moal .. J 


»part bran, two parti 
ed, and throe porta 


(MIS 

— 0*02 

001 

-(MIX 

001 


}80{ 


Dried cod-fish 
Dried cod-fish 


.■] bean tnd lentil meal, and three S 0*00 

[ parta barley meal ...J 


Menu.I -0*09 

-- - I-Trr- IT w i m.i l, .. * — 

Series 3 (Por data, see Series 3. Table X), 


Bran and Indianmoal (equalparts) -0*08 
Indian meal... -0*01 




)8*1» 

14*00 

15*20 

15*50 

10*87 

17*40 

10*01 

17-00 


81*82 
80*51 
81*8(1 
81*44 
83 M 
88*51 
83-00 

80414 

83*80 

80*40 



Means.| —0*04 j 

Series A (Por data, see Series A. Table X,). 



1*30 ' 18*10 10*40 | 8051 



W*81 17*97 39*78 
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As alieady explained, in the cases to which these and the preceding Tables relating 
to Increase refer, the amounts and composition of the foods consumed to produce a given 
amount of increase, were determined by actual experiment; and the composition of tho 
increase so pioduced, is deduced from that of the animals that wore analysed. Thus, in 
Table IX. for the Sheep, and in Table X. for tho Pigs, are given the experimentally deter¬ 
mined amounts of dry substance, &c., consumed to produce 100 lbs. of increase m live- 
weight, and the estimated amounts of certain constituents in that 100 lbs. of increase. 

It is obvious, therefore, that we have an easy means of calculating the amount of the 
respective constituents stored up in increase, for 100 of dry matter consumed. lire sum 
of these makes up the total dry matter in increase for 100 dry matter in food; and tho 
difference between this dry matter in increase and that in food represents the amount 
expired, perspired , or voided. With these observations, tho mode of construction of 
Tables XIV. and XV. will be sufficiently intelligible. 

It was seen (in Table XII.), that in the Sheep there was probably an average of about 
9 parts dry substance fixed as increase for 100 consumed in food. Tablo XTV. shows 
(taking the cases in which the food was of tho most usual description) that about 8 
parts out of the 9 of diy increaso were non-nitrogenous substance—that is fat. It re¬ 
sults then, that for 100 of dry substance in food, there would be little more than 1 part 
fixed in increase in other forms than fat j-—that is, as nitrogenous and mineral matters put 
together. According to the Tablo there wero only, in Class I., 0*84, in Class III. 0*83, 
and in Glass V. 0*74 part of nitrogenous substance retained in the increase of the animals 
for 100 of collective dry substance in their food. The corresponding amounts of mineral 
matter fixed were, on the same basis of calculation, for Class I. 0*25, for Class III. 0*24, 
and for Class V. 0*28. But if due allowance were made for the excess in the estimate 
of the mineral matters in the increase, as before noticed, the average amount of them 
stored up foi 100 of dry food consumed, would, in the cases in question, be about 0*2. 

Taking the average of the cases in which the Sheep were fed upon food of a nature 
fairly representing that of the animals liberally fed for tho butcher, it is assumed then, 
that for 100 parts of dry matter of such food, only about 9 parts were stored up as increase. 
There remained, therefore, 91 parts expired , perspired , or voided. In tho food of Sheep 
(and of oxen also), the proportion of so-called “woody fibre” is very much greater than in 
that of Pigs. With the former, therefore, there will be a larger proportion of indigestible 
matter voided than with the latter; and, as will presently be aeon, with the larger pro¬ 
portion of digestible or assimilable matter in the food of the fattening Pig, there is at 
the same time a less proportion of the consumed dry substance expired, perspired, or 
voided. 

At the head of the other results in Table XV. are given the amounts of the main 
classes of constituents stored up in increase for 100 of collective dry matter in food in 
the case of the analysed “ fat Pig.” Prom the circumstances under which tho data wore 
d&afagd in this particular instance, it may be assumed that tho figures exceedingly 
* the actual facts. The indication is that, for 100 of dry matter of 
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food consumed by this single fattening Pig, there were produced 14-04 parts of dry 
substance of increase. Of these 14*94 parts of toted dry increase, 13*2 were fat, 1-«2 
nitrogenous compounds, and 0*11 mineral matter. Against these numbeis wc hnv<. 
fairing the average of all the other estimates (twenty-four in number, and comprising 
80 animals ), 17*27 total dry increase for 100 of dry food; of which 15*81 are esti¬ 
mated as fat, 1*44 nitrogenous substance, and an insignificant amount of mineral matter. 
It is admitted that the estimates in Table XIV. relating to the Sheep, show a higher 
proportion of mineral to other constituents, stored up, thau was probably the fact. (hi 
the other hand, the estimates of assimilated mineral matter in the case of the Pigs are 
probably in error in the other direction. It is true, that Pigs, though young, if put upon 
highly fattening food will grow comparatively little in frame, whilst Nhocp, fed its tho> 
now generally are at a comparatively early age, will develop more of hard bony struc¬ 
ture. It would be expected, therefore, that the proportion ot mineral matter in the 
increase of fatt ening Sheep would be greater than that in fattening Pigs. Indeed, l able 
VII. shows the percentage of mineral matter, in the total carcasses, to be more than 
twice as much in the fattened Sheep analysed, as in the fat Pig* In the wise of both 
Sheep and Oxen moreover, there seems to be a striking parallelism in the proportion of 
the min eral to the nitrogenous matters of growth; whilst with the Pig, not only is the 
actual am ount of mineral matter much loss, but its proportion to tin* nitrogenous matt oik 
seems to docrease as the animals fatten. Thus, lookiug to the composition of the vttr- 
casses alone, in which there would be no error in the mineral matter as when tlui hair or 
wool with its extranoous dirt is brought into the calculation, it is found that tin* amount of 
mineral mattor to 1 of nitrogenous substance, was-—in the lean Ox 0*31, in the ini Ox 0-30. 
in the store Sheep 0*80, in the fat Sheep 0-30, and in the very fat Sheep 0*80. On the 
other hand, in the carcass of the store Pig, the proportion of mineral matter to I of 
nitrogenous substance was 0*188, and in that of the fat Pig it was less still, or 0*183. 
Prom these considerations it is obvious, that the amount of mineral matter in the inorensr 
of the fattening Pig, will be much less both in proportion to the total increase itself, and 
to the coinddently accumulated nitrogenous compounds, than in that of the Sheep* The 
distinctions which the Tables relating to the composition of increase show, between tlie 
two descriptions of animal in this respect, are then, without doubt, correct in the main;— 
that is to say, at least in their direction, though probably not in the degree which the 
actual figures indicate. It is pretty certain that the estimates of mineral matter in the 
increase of the Sheep are somewhat too high; and unless it bo admitted as probable, that 
Pigs rapidly increasing in weight under the fattening process, may sometimes not only 
not fix any mineral matter whatever, but even lose some of that already fixed, it must 
be concluded, that the Pig killed and analysed as fat, had too small a proportion of bony 
structure to be strictly comparable with the one analysed in the leaner state; 

It will be ebrt&Ufcr the very nature of the subject, that these estimates of the 
composition of '^^'mutt ohlybe taken as applicable for toy general purposes, ate 
due regard to the b&Hbeen pointed out, 


i V, 
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It will be remembeied, that in the average of the cases in which the Sheep had boon 
fed upon a libeial mixe d diet of dry food and succulent roots—admittedly favourable 
conditions for their increase—they gate only about 9 per cent, of dry increase, for 100 
dry substance pf food. The average of the 24 lots of Pigs (80 animals), shows on tho 
other hand, nearly double as much, or 17-27 parts of dry increase, for 100 of dry food 
consumed. The yield of fat, and of nitrogenous compounds, of which these 17*27 parts 
are chiefly made up, is of course higher in a corresponding degree. When it is home 
in mind, however, that the natural fattening food of the Pig consists chiefly of ripened 
seeds containing little indigestible woody fibre, or immatured vegetable products, and 
that that of the Sheep contains a large proportion of woody fibre, and also much ot the 
less highly elaborated vegetable compounds, it will not appear surprising, that 100 parts 
of the dry substance of the food of the Pig should yield so much more of dry animal 
increase, than 100 parts of that of the Sheep. It results, of course, that of the fattening 
food of the Pig, a less proportion of the dry substance than of that of Sheep, will ho 
expired, perspired, or voided. In the case of the Sheep, it was assumed, as the average 
of the cases wherein the food was of tho most favourable kind, that about 91 per cent, 
of the dry substance consumed were in some form expired, perspired, or voided. In the 
case of the single analysed Pig, only 86 parts were expired, perBpiied, or voided, for 100 
of dry matter consumed in food. And, taking tho average of the twenty-four lots com¬ 
prising the eighty animals, calculation shows only 82*7 parts of collective dry substance 
expired, perspired, or voided, for 100 consumed in tho food. 

In speaking of the proportion of dry substance storod up in increase, for a given 
amount consumed in food, it will not for a moment be assumed, that it is herein implied 
that the relation of the ultimate elements is tho same in the dry matter assimilated and 
fixed, and in that given off in the various forms from the system. The very various 
amounts, respectively of mineral matter, of nitrogenous compounds, and of uon-uilro- 
genous substance (frit), stored up for 100 of each consumed (as shown in Tables XII. 

XIII.), give some means of judging how different must be the ultimate composition 
of the gross dry matter fixed in the body, from that of the matters of tho food elimi¬ 
nated from it. It is not within the scope and object of the present Paper, to give any 
further indication of tho composition of the matters collectively given off from tho body 
in relation to thoso taken as food, than is implied in the figures in the Tables just 
referred to, which show the amounts of certain, constituents stored up for a given amount 
consumed—the complementary quantity being of course that which is expired, perspired, 
or voided. Stall leas » it to our present purpose, to show the proportion of the different 
constituents of the matters collectively given out from the body, which will bo respect¬ 
ively exhaled by the lungs, perspired by the akin, or voided in the liquid or tho solid 
form. There is, however, one point in connection with the difference between the ulti- 
gtffrte composition of the dry substance of increase, and that of the compounds of the 
produced it, which may he here appropriately illustrated; this is, tho roW 
that «£ fQ the increase, to th efat and other matters in the food, which yielded it. 

f * j . j 
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3. BeMion of the Fat stored up in the Increase, to the ready formed Fat, and other 

Constituents, consumed in the Food; &c> 

The amount oifat in the food of the different lots of Sheep which have served in the 
foregoing illustrations, was not determined, so that the relation of that estimated as 
stored up in incre as e, to that ready formed in the food, cannot be shown in thou c asi, 

In the majority of the experiments with the Pigs, the amount of ready formed fat in 
the food was determined. The amount stored up in the increase, lias also boon legiti¬ 
mately deduced from experimental evidence. The results show, as already noticed, that 
there were on the average, between 400 and 600 parts of Fat stored up in the innmso, 
for 100 of Fatty matter consumed in food. In the case of the analysed fat Pig, there 
were 405 parts of Fat stored up for 100 consumed. The result in tins instance was 
obtained in as direct a manner as the nature of the question will admit of, and it may 
be taken as representing the truth very closely. The average of tiro other experiments 
shows 472 parts of Fat in increase, for 100 ready-formed in food. Nov is there much 
reason to doubt the general accuracy of this latter indication. Upon the whole, it. is 
obvious, that a large proportion of the Fat of the fottening animal is produced from other 
constituents than Fat in the food. Attention has elsewhere been called to the evidence 
of this, afforded in the instance of the analysed fat Pig*. It was shown that in its ease 
rather more than threo-fourths of the Fat of the increase gained on the fattening food, 
must have been formed in the body from other cwisHtwmts; und it. win pointed out, 
that if the produced Fat were duo to the &'torch of the food, it would require about 
parts of that substance, to yield 1 part of Fat. On this supposition, it is obvious* that u 
much larger proportion of the non-nitrogenous constituents of the food, will diivctly 
contribute to the non-nitrogenous substance ot the increase (fat), than is represented by 
the total amount of the Fat itself, stored up. It is equally obvious, that the proportion 
of the total dry substance of the food consumed, which has (if we may draw such a 
distinction) directly contributed to the dry matter of increase, including the produced 
Fat, will be much greater than that indicated by the total amount of the dry substance 
of the increase. The proportion which is expired, perspired, or voided, without having* 
in the sense implied, directly contributed to increase, will, of course, in a complementary 
degree, be less than the total amount represented as expired, perspired, or voided. 

To illustrate, numerically, the points above alluded to, there are shown, in Table XVI., 
for the analysed fat Pig, and fox most of the sets of Pigs before under consideration— 
the amount of Fat stored up in the increase for 100 of dry matter of food consumed; 
the proportion of Fat already formed in the food; the amount that must have beenpre- 
ductid from other compounds; the amount of Stareh that would be requited if the pro¬ 
duced Fat were formed from it; the proportion of the total dry matter consumed, which 
would he thud required directly to contribute to the ffxed increase; and lastly, the pro¬ 
portion that would' be expired, perspired, or voided, without thud directly contributing 
tothedxedincraase^/' ^ \ \ ' 

' ' * Report of tlhe 

v > l ^ t ^ i ^i 
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Both practical and chemical considerations seem to indicate that Fat may bo produced 
in the imimnl body, by the transformation within it of nitrogenous compounds. But it 
seems probable, that at least the main source of the produced Fat will be the turn* 
nitrogenous constituents of the food. Of these, particularly in the fattening food of 
Pigs, the most prominent item is starch It seemed desirable, therefore, to adopt this 
substance as the basis of the illustration of the probable amount of the constituents 
involved in the for mat ion of the produced 1? at, in the experiments in question. 

The question arises, how much Starch will be required for the production of a gi\on 
amount of Fat % At present but littlo is known as to the relative proportions in which 
the different Fats exist in different animals. Nor are chemists agreed as to the formula* 
to be given to the several natural animal Fats, It would only be a doubtful refinement, 
therefore, to adopt for our purpose the exact rational formula given for any one of the 
more important fa-tty bodies, and from it to calculate, in equivalents, the amount of Starch 
required to produce an equivalent of the Fat, and also the number of equivalents of the 
collateral products. It is better to adopt an average percentage composition merely, 
and for want of more exact data, wo take the mean of the three most important uni Rial 
fats—namely, tri-stearine, tri-mm’garine, and tri-oleine. This gives, in round numbers, 
77 per cent of carbon, 12 per cent of hydrogen, and 11 per cent of oxygen for the 
crude mixed fats . It may be mentioned, however, that tri-oleum is stated to he in 
larger proportion to the other fats in Pigs, than in either Sheep or Oxen. Assuming 
the oxygen which is eliminated in the formation of Fat. from Starch, to go off with a 
portion of its hydrogen in the form of water, and the remainder with carbon in the form 
of carbonic acid, it would require as a minimum, 2*45 parts by weight of Starch to eon- 
tribute to the formation of one part by weight of the mixed Fats + tin* collaterally 
formed water and carbonic acid. If the stcarino predominated, this mode of calculation 
would show the amount of Starch required to be rather higher, and if the oleine, rather 
lower than 2*46 for 1 of the Fat. As the above number is the lowest amount of Starch 
which would, in the manner supposed, yield 1 part of the mixed Fats of the percentage 
composition above assumed, we may adopt the convenient round number 2*6 as the 
amount of Starch probably'on the average required for die formation of 1 part of the 
mixed Fats of the body, when these have thoir source in that substance. This number 
tlion (2*6), is that by which we multiply, for the purposes of the Table, the amount of 
the estimated Fat in the increase of the Pigs, over and above the ready formed fat they 
consumed in their food, to ascertain the amount of the dry substance in the food (if in 
the form of starch), required for the production of that amount of Fat which could not 
have been directly derived from the food as such, and must therefore have b eon formed 
within the body of the animal, Whilst adopting the modo of calculation here described, 
as useftdJy, andsuffidently closely, illustrating the point in question, it maybe remarked 
in passing, that'‘iribto Fat is formed from the nitrogenous compounds in the body, a less 
amount of of that food would then be required for the formation of a given 

amount of Fat, tha^wiei ^# ^fodnoe# other hand, if Sugar were 
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the source of the Fat, a rather larger quantity than of Starch would bo requm-d. Ol 
the pectins bodies, again, which enter so largely into the roots which frequently constitute 
a large proportion of the fattening food of sheep and oxen, the quantity required would, 

on the same mode of calculation, be still more than of Sugar. 

On a former occasion, it was shown, that according to the mode of estimation here 
supposed, the 16 parts of dry solid increase yielded during the fettering process by the 
analysed fat Pig for 100 parts of dry matter of food consumed, would have lequired 
for its formation about BO parts of the dry substance of ibe food consumed* The actual 
figures relating to this single animal are given in Table XVI., at the head of the respective 
columns which refer to the numerous lots of Pigs, the Fat in whose food was detenmned 

by analysis, and that in their increase estimated. 

For 100 dry mattei in food, the dry matter in the increase of the analysed fat Pig wa& 
14*94, and that the average of all the other cases in which the Fat in the food 

was determined was 17*40. Of these amounts of total dry substance assimilated, 13*2 
in the case of the single fat Pig, and 16*04 in the average of the other lots, are esti¬ 
mated as Fat, 

Of the 13*2 parts of Fat stored up in the increase of the single animal, 3*20 only (pro¬ 
vided the whole supplied hod been taken up) could have been doiivtnl from the Fat in 
the food. At least 9*94 parts must, therefore, have been formed in the body of the 
or,!™*,! from some other constituent or constituents. If Ihe constituent in question 
were primarily Starch , it would, on our busis of calculation, require 24*8 ports of dry 
Starch for the formation of the 9*94 parts of produced Fait, Of veady-formod Fat in the 
food, and Starch, thus contributing to the formation of Fat, taken together, there would 
therefore be 28*11 parts out of 100 of dry matter of food consumed, directly engaged 
in the storing up in the body, of the 13*2 parts of Fat. If we add to this, the 1*73 part 
of nitrogenous and mineral matters at the same time fixed in the increase, we have 
29*84 parts ont of the 100 of dry matter of food consumed, directly contributing, in the 
sense supposed, to the production of the 14*94 parts only, of dry increase. In the 
particular sense here implied, therefore, there would be only 70*10 parts of the 100 of 
dry matter of the food expired, perspired, or voided, without thus directly contributing 
to increase; instead of 86*06 parts, which is the difforonce bolwoon the 100 of dry 
matter in food, and the 14*94 only, of dry substance actually stored up. 

Following the same line of illnstration for the average result of all the other experi¬ 
ments cited, it appears that for 16*04 parts of Fat stored up in increase, for 100 of dry 
matter of food consumed, only 3*96 parts could have been derived from ready-famed 
fatty matter supplied in the food. At least 12*08 parts must, therefore, have been 
formed from other substances. If from Starch, it would require, at the rate of 2*6 parts 
Starch for 1 of Fat, 30*2 parts of that substance for the formation of tho 12*08 parts of 
Ufa producedfat. The ready-formed Fat, and the Starch, together thus contributing to 
Hfre 3.6*Q4 parts of Fat in the increase, would amount to 34*16 parts of tho 100 of dry 
m There were, former, 1*86 part of rifrogenous and mineral matter. 
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assimilat ed. In all therefore, 36-62 parts out of 100 of gross dry matter of food, con¬ 
tributed in this comparatively direct manner, to the formation of the 17'4 parts of gross 
dry increase. 

In the case of the single animal, therefore, the indication is, that, owing to the large 
proportion of the stored-up Fat which must have been actually formed within the hotly, 
it would require, if the source of the produced Fat wore Starch, 20*84 parts of dry sub¬ 
stance out of every 100 consumed in food, to minister in this direct manner to the pro¬ 
duction of only 14-94 parts of dry animal increase. Owing to the name circumstance it 
is, that, on the average of the other instances, 36-62 parts out of J00 of dry substance 
consumed may, in the same manner, be estimated oh directly engaged in the storing up 
of only 17*4 parts of dry increase. It is worthy of remark, that in thus assuming Ntotrrh 
to have been the source of the produced Fat, and in adopting its numerical cnpii\ afoul 
for that purpose as above described, the resulting figures, in both cases, show almost 
exactly twice as much of dry substance of food thus more directly contributing to the 
formation of increase, as there was of dry substance in the increase which was produced. 
In the case of Pigs fed on good food, it would appear that about one-third of the* whole 
dry substance con sum ed may be so devoted. About two-thirds, therefore, will, if at all, 
only in a less dir ect manner, contribute to the production of increase. A large pro¬ 
portion will serve, more or less directly, for respiration only, or for the supply of mutt- 
rial for the ti-ansformations constantly going on in the body independently of um 
increase in weight. And, besides the matters voided as indigestible, mid necessarily 
effete, a larger or smaller quantity, according to the excess ot the food, will puss off 
unused and comparatively unchanged. 

As before stated, as the particular foods upon which the experimental xfwqt were fed 
had not their amounts of Fat determined, similar estimates tjoimot be made in rtgard to 
them as to the frigs. From a general knowledge, however, of the character df the 
fattening food of both Oxen and Sheep, considered in relation to the amount of increase 
it yields, and to the probable composition of that increase, there cannot be any doubt that, 
in their case, as well as that of Pigs, a large amount of Fa t will frequently be in 

the body from other constituents of the food. But the food of Oxen and Sheep, compared 
with that of the Pig, contains, a largo proportion of indigestible woody fibre; and it has 
been seen, that in the cose of Sheep, there was only about half as much dry increase 
produced for 100 of dry matter of food consumed, as in the case of Pigs. The propor¬ 
tion of Fat in the dry increase of the highly fed Sheep, for 100 of dry matter of food 
consumed, is also only half as great as in the case of the Pig. Its food, moreover, is 
frequently much more oleaginous. It would appear, then, that on the average, there 
will not only be less Fat farmed, by the Sheep for a given amount of dry matter con- 
sum^ but there will be a for less proportion of the consumed dry matter 'of its food 
. appropriated* in ihe direct production, so to speak, of the total dry increase. On the 
other hand, as Be^fe-fAmt^ked, in the food of Oxen and Sheep, there will be a loss 
proportion of Starch, arid one of bodies,* than In that of Pigs. * And 


j . 
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so fer as Peotine, lathei than Starch, may serve for the formation of Fat, the amount of 
the dry substance of the food required directly to contribute to tho increase, will be 

somewhat the gieater. 

FLom the whole of the foregoing considerations bearing upon the relation of tho con¬ 
stituents of increase to those of the food consumed to produce it, it appears, that a large 
pioportion of the Fat , of which the increase of the so-called fattening animals so largely 
consists, may be famed in the body from other oompomds of the food. Of the nitro* 
qmous compounds, on the other hand, it is probable that frequently o& little, and even 
less than 5 per cent, of the whole consumed, will be found finally stored up in the 
increase of the animal Of the mineral matter of the food, a less pioportion still than 
of the nitrogenous compounds, will, especially in the case of Pigs, be thus letaincd in tho 

increase. 

It is not the province of the present Paper, nor are the facts applicable to such a pur¬ 
pose, to consider the chemical and physiological changes undergone, or the offices sub¬ 
served, by the—say 95 per cent, of the consumed nitrogenous compounds in their passage 
through the system. But, it may be remarked, tbat from tbo form in. which a large 
proportion of them leaves tho body, it is to be concluded that they must have entered 
into its fluids, if not its solid structures, and therein been subjected to oxidation and tians- 
foimation. That this must seivo some essential purpose, even in the processes of fat¬ 
tening anim als subject to little muscular movement, there cannot be a doubt*. It is 
indeed certain, that if tho animals are to store up as much as they can do of matters 
not con taining nitrogen, a very large amount of nitrogen must pass through the body, 
compared with that which is finally retained in the increase. That this apparently 
excessive supply of nitrogenous compounds, independently of any meie influence on the 
activity of the functions or processes of the body, may itself yield up the elements for 
the formation of Fat, is highly probable. 

Since it is found that by fer the larger proportion of the solid increase of so-called 
fettening animala is really Fat itself—since it is probable that at least a great part of tho 
Fat formed in the body is normally derived from Starch and other wow-nitrogenous con¬ 
stituents of the food,—and since tho current fettening foods contain so very much more 
of nitrogen than is eventually retained in the increase—it cannot bo surprising, that tho 
tendency of the results of all careful feeding experiments should be to show, that tho 
limit of applicability of the estimate of the comparative value of foods, according to 
their percentage of nitrogenous compounds, is in practice very easily reached. Prac¬ 
tically, indeed, the amount of increase is much more frequently dependent on the pro¬ 
portion in the food, of the digestible and assimilable wow-nitrogenous compounds, than 


* We have found in the ease of Pigs, that by far the larger portion of the nitrogen consumed in tho 
flritenipg food, passed off m the form of Urea, Thu was the case with animals kept almost entirely without 
merafent; and it was equally so, whether the food contained the proportion of nitrogenous to non-nitro- 

as in the Cereal grains; or the much higher amount and proportion of the former, os in 

Begtomiiw fejjdp. 
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'on that of the nitrogenous ones. In fact, when wo reflect upon wlmt wc already know 
of the relations of the constituents of the animal body to those taken into it as food 
thanks more particularly to Milder, to Boussingault, and to Liebig— and when we 
further consider the facts now adduced as to tho Gotruposition of Increase, it would seem 
little else than a truism to say, that as our fattening food-stuffe go, their comparatho 
values, as such*, are not determinable by their percentage of nitrogenous compounds. 
In the absence of sufficient direct evidence, such os wo have endeavoured to supply, as 


to the probable composition of the increase of animals feeding for tho butcher, an oppo¬ 
site opinion has generally been maintained. A consideration of tho osHontialnoss of the 
nitrogenous compounds of food, for the formation of the most important animal stnu- 
tures, has doubtless had much to do with determining the view in question; and it 
would seem, that keeping this point very prominently in vicsw, it has been assumed, 
without the requisite experimental data, that these essential nitrogenous compounds 
were generally relatively deficient in our current foods. It would be more nearly true 
to say, that the digestible and assimilable no^nitrogenous constituents are generally in 
defect relatively to the digestible and assimilable nitrogenous compounds in our foods. 
The comparative values of food-strife are, however, not to be unconditionally deter¬ 
mined by their percentage of either of these equally important classes of constituents. 
It has, it is true, been frequently maintained, that a certain relation of tho one class of 


constituents to the other, varying according to circumstances, is essential in a truly 
rational diet. But the practical bearings of tho principle, seem to have boon lost sight 
of by some of those who have the most prominently insisted upon it in its abstract form, 
as soon as they came to estimate, according to analysis, the comparative values of 


different foods. 

The records of the numerous ultimate analyses of foods winch have been hitherto 
made, ore nevertheless of high value and interest in & statistical point of view. But 
now possessing them, as the basis,of certain general estimates, the next desideratum is 
—to examine more closely into the nature and condition of the proximate compounds 
of food-strife—to distinguish those which are digestible and assimilable, from those 
which are not so—to determine the comparative values of the comparable or mutually 
replaceable portions (both intrinsically and according to the varying exigencies of the 
system)—and above all, to fix our standards of comparative value with mom of reference 
to direct experimental evidence on the point, and to existing knowledge of the compo¬ 
sition of animal bodies, than has been hitherto usual or even possible. 


1 i 

* A P j however, the manurs from highly mtrogonoua foods is the moat valuable, it frequently becomes, 1st. 
, this point of view, the interest of the fiupmer—provided the character bo in other respects equal—to purchase 
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SicTioir IX_AVERAGE ACTUAL WEIGHTS, AND AVERAGE PERCENTAGE PROPOR¬ 

TIONS IN THE ENURE BODIES, OF THE INDIVIDUAL ORGANS AND OTHER 
SEPARATED PARTS, OF ANIMALS OF DIFFERENT DESCRIPTIONS, AND IN 
DIFFERENT CONDITIONS OF GROWTH AND FATNESS. 


Hitheito, we have endeavoured to illustrate, by means of a large amount of labo- 
nously accumulated experimental data, the actual and comparative gross composition of 
ceitain collective portions, and of the entire bodies, of animals of different descriptions, 
and m different stages of growth and fatness. By the aid of the information so derived, 
we have sought to estimate the probable composition of the Increase of tire animals 
whilst fatt ening , and to show the relation of certain important constituents of the 
increase, to those in the food consumed. The results arrived at, under those heads, 
comprise the most important which the inquiry can furnish, so fai as its application to 
Agriculture and Dietetics is concerned. It seems desirable, however, at least to provide 
some for the study of the question of the feeding of animals, from a somewhat 

more Physiological point of view. The data acquired with this view, relate to tko actual 
weights , and the proportion in the entire body, of the individual organs, and certain 
more arbitrarily separated parts. In the selection of subjects in which to determine 
these points, it was sought—both to take a sufficient number, to secure pretty fair 
average results for the different descriptions of animal—and, as far as possible, to pro¬ 
vide the means of tracing the tendency of the relative development of the different parts, 
as the animals grew and fattened. 

In all, between 300 and 400 animals—Bullocks, Sheep, and Pigs—havo boon operated 
upon. The plan was, to determine the live-weights of the animals just before being 
slaughtered; and as soon as possible afterwards (so as to lesson the error arising from 
evaporation), the weights of their carcasses , of each of the internal organs, and of 
some other separated parts. The results for each of the individual animals—both tho 
actual weights, and the calculated percentages in the entire body—arc given for refer¬ 
ence in Tables XV. to LXIY. inclusive, in the Appendix, Of these, Tables XVII., 
XVTIL, XIX, XX., XXI. and XXII., which now follow, arc Summaries; and in 
them the results will be found in sufficient detail to bring to view the few main points, 
to which alone, special attention will be directed. 

In Table XVIL are given the mean actual weights , and in Table XX. the mean per* 
tmtages in the entire body, of the different organs and parts of 2 Calves, 2 Heifers, 
and 14 Bullocks. Among these, are included the calf and the 2 bullocks selected 
and killed for analysis. The remainder were slaughtered for ordinary purposes; and 
were taken without any special selection, so as to afford fair average results, The data 
relating to these animals are not particularly calculated (as those referring to tho Sheep 
will be found to be) to illustrate the comparative characters at different stages of growth 
fatness. By the side of the mean, or average results, however, are given those 
(Mtoctnal and percentage), for the individual Calf, the " Half-fat Bullock,” and the 
which were selected for analysis. 
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In Tables XVIII. and XXI. are arranged, respectively, the mm actual weights, and 
the mean percentages in the entire animal, of the individual organs, &c., of 249 Sheep, 
divided into 5 Classes, according to age, condition of maturity and fatness, and mode of 
feeding. Thus, there are given, the average results of:— 

5 Sheep, each of a different Breed, which were killed in the store condition, in 
order to provide a standard with which to compare the others; 

100 Sheep, compr ising a number from six different Breeds, nil fed upon good fat¬ 
tening food, and under cover, during a period of five or six months, com¬ 
mencing at the age and stage of progress at which the 5 store or standard 
animals above mentioned were taken; 

45 Sheep, from the same six Breeds as the last, but fed from the point ut which 
they wore slaughtered, for about six or seven months longer (though not 
under cover), until more than ordinarily fat, or in the condition of so-called 
“ Christmas mutton 

78 Sheep, all of one Breed, but divided into a number of lots, each with n 
different kind of diet, hut fed to a medium degree of fatness; 

21 Sheep, from several different Breeds, all fed and slaughtered as u Christmas 
mutton.” 


By the side of the columns showing the mean remits for each of these 5 different 
Classes of Sheep, and for the whole 249 animals, respectively, are also given 
the results for the Fat Iamb, and for each of the 4 individual Sheep which 
were selected and killed in different conditions, for the purposes of analysis. 
Table XIX. gives the means of the actual weights, and 'ruble XXII. of the pen's tit • 


ages, of the organs and parts of 69 Pigs; allotted into 7 Classes, distinguished one from 
another chiefly by the different character of the food, and the consequent and observed 


varying degree of growth and maturity. The separate results for each of the 2 animats 
selected and slaughtered for analysis are also given. 


Lastly, in Table XXIII. are brought together, at one view, the general averages (both 


actual and percentage), for each of the three jtescripMcm of animal ; that i# to say, 
the means, side by side, respectively of 16 Heifers and Bullocks, 249 Sheep, anil 


69 Pigs. 



wocclix. 



Table XVII._Showing the Mean Actual Weights (lbs. and ozs.), of the different Organs and Parts, 

of Calves, Hboebs, and Bullocks. 
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* This includes the Wombs of the Heifers, one of which was with Calf 
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Table YTY _Showing the Mean Actual Weights (lbs. and ozs.) of the different Organs and Parts of Pigs. 
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* Ar with the other in this Table, the head (with hums), feet, and tad of the two arndtped Pigs, are here excluded from the Offal, and included with the Carcass, according 

to the usual custom of the Butcher with Pigs. 
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* 1*7 


Gl and, a nd Glands about the Throat, or whether they refer to the Pancreas only. 
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* la the ease of the Pigs, the head (with brains), feet, and tail, are included with Carcass, and not with the OiFal as with the other 
t 'Hifiee quantities rekt© to the toea only. t Penis or Vomb included here. 
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On the condensed, though still voluminous record of foots, relating to thin branch of 
the inquiry, which these Tables (XVIL—XXIIL inclusive) provide, our space and more 

special objects will allow but &> few short comments. 

A few words may first be offered directing attention to the more prominent points of 

distinction between the different descriptions of animal—Oxen, Sheep, and Pigs—os 
regards the amount, and the proportion in the wholo body, of their respective organs 

and parts. 

An examination of Table XXIII. will show, that the stomachs and contents, consti¬ 
tuted in the Oxen about 11^, in the Sheep about 7-jb and in the Pig only about. 1} per 
cent, of the entire weight of the body. The intestines and tlioir contents, on the othei 
hand, stand in an opposite relation. Thus, of the entire body of the Pig, these amounted 
to about 6£ per cent., of that of the Sheep to about 3 } per cent., and of that of Oxen to 
only about 2f per cent. These facts are of considerable interest, when it is borne in 
mind, that in the food of the Ruminant there is so large a proportion of indigestible 
Woody-fibre, and in that of the well-fed Pig a comparatively large proportion of starch 
—the primary transformations of which are supposed to take place chiefly after leaving 
the stomach, and more or less throughout the intestinal canal. Again, of the miMMCN of 
internal “loose fat,” with its connecting membrane, tho Bullocks yielded about 4J per 
cent., the Sheep about 7-J, and the Pig little more than 1J per cent. The Pig, therefore, 
with its much less proportion of alimentary orguns, has also a much less proportion to the 
whole body, of tho fat which surrounds them. With regard to the much larger amount 
of this sort of fat indicated in the Sheep than in tins Oxen, it may be remarked, that a 
considerable proportion of the Sheep which contribute tp these recorded averages, 
were, compared with the Oxen, in more than a corresponding degree uf luuturity and 
fatness. 

Taking together, stomachs, small intestines, large intestines, and their respective 
contents, the Oxen yielded rather more than 14 per cant., the Sheep a little lew than 
11 per cent., and the Pigs about 7£ por cent. With these groat variations in the pro¬ 
portion in the different animals, of those receptacles and first laboratories of the toad, 
with their contents, the further elaborating organs (if we may so say) with their fluids, 
appear to be much more equal in their proportion in the three cases. This is approxi¬ 
mately illustrated in the fact, that, taking together the recorded percentages of “ heart 
and aorta,” “lungs and windpipe,” “liver,” “gall-bladder and contents,” “pancreas," 
“milt or spleen,” and the “blood,” tho sum indicated is for the Bullocks about 7 per 
cent., for the Sheep about 7J per cent., and for the Pigs about 6|rds por cent If from 
this list' we'were to exclude the blood, which was more than one-third of a per cent 
lower in the Pig than in tho other animals, the sums of the percentages of the other 
items enumerated would agree even much more closely for the three descriptions of 
animal . * 
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progression in the maturity and fatness of the fattening animal, upon the relative deve¬ 
lopment of its several organs or parte. An examination of the Tables shows, that the 
internal organs, and other offal parts, pretty generally increase in actual weight as the 
animal passes from the store or lean, to tho fat, or to the very fat condition. Excluding 
the fat, however, their percentage proportion to the whole live-weight, as invariably 
diminishes as the ommsH matures and fattens. Of tho internal offal parts, the loose tat 
alone increases, not only in actual weight, but in percentage proportion. r ihe carcasses, on 
the other hand, invariably increase in both actual and percentage amount as the animals 
mature. These remarks apply gonerally to Oxen, Sheep, and Pigs; but the data relating 
to the Sheep comprise the most complete gradationary series for their illustration. 

To go a little into detail: the avorage actmil weights per head of the collective 
stomachs, and intestines, and then- contents, increased from about 13? lbs. in the five 
store or lean sheep, to about 15Jibs, in the 100 fat Sheep, and to about 16] lbs. among 
the forty-five very fat ones. The percentage of those pails in tho entire weight of tho 
diminished from 14*35 for the store sheep, to 30*70 for the/otf ones, and to 8*54 
for the very fat ones, Again, the “ heart and aorta,” the “lungs and windpipe,” the 
“blood,” the “liver,” the “ga]l-bladdcr and contents,” the “pancreas,” and tho “milt 
or spleen,” taken together, give an average actual weight per head, for the live store 
Sheep of 7Jibs., for thelOO/otf ones of 11 Jibs., and for tho forty-five very fat ones of 12J lbs. 
The proportional increase in actual weight as tho auimalH fatten, is rather greater thor<*- 
fore for these organs and parte than for the collective stomachs mid intestines, ami con¬ 
tents. Still they decrease (though not bo much as the collective Htomadis, dee.) iu 
percentage to the whole body with the increase in weight and fatness of the animals. 
Thus the percentage of the hoart and other parte hero clashed with it, is for the average 
of the five store Sheep 8*44, for that of the 100/otf ones 7*71, and for that of the forty- 
five very fat ones 6*65. As already said, of tho internal parte the loose fat alone increases 
in both actual weight and percentage relation to the wholo body with the progress of 
the animate. It averages in actual weight, for the store or loon Sheop about 4J lbs., 
for the fiat ones about 8f lbs., and for the very fat ones about 14 J lbs,; and in per¬ 
centage proportion to the whole tody, 4*52 for the lean Sheep, 0*03 for tho iht, and 7*44 
for the very fat ones. 

* 

Turning from this more detailed view to notice the actual, and relative development 
of the collective or total Offal pants, and the total Carcass parts, respectively, the result 
is as follows:—The average actual weights per head, of the total Offal parte, increased 
from 42Jlbs. in the store or lean condition, to 68J lbs. in the/<z£, and to 68 J lbs. in tho 
very fat condition. The increaso in actual weight of the corresponding Carcasses was much 
greater; namely, from 49 Jibs, in the store, to 85 Jibs, in tho fat, and to nearly 123 lbs. 
in the very fat condition. That is to say, although the collective Offal parts increase 
toifeMfcpbly as the animals fatten, the Carcass—or frame, with its rausdes, membranes, 
vessels a|^ ^tr-r-i,ncreases proportionally very much more. The rosult of this much 
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greater proportional rate of increase, in the so-called Carcass parts, than in the collective 
internal organs and other Offal parts, is, of course, that there is a diminishing percentage 
in the entire body of the total Oflal parts, and an increasing percentage of the total 
Carcass parts as the animals mature and fatten. Thus, the percentage of the collective 
Offal parts, is, in round numbers, for the average of the lean sheep 46*5, for that of the 
fat ones 40*5, and for that of the very fat ones 36*8. The percentages of Carcass parts 
were, on the other hand, 53*4 for the corresponding lean animals, 58*9 for the fatten* 
ones, and 64'0 for the very fat ones*. 

Without going into more of numerical illustration of the points above alluded to, it 
may be mentioned, that the same general indications as to the comparative development 
of the different parts during the fattening process, are traceable in the results of the 
comparable cases of the individual animals selected for Analysis as the types of the 
different conditions, as in those of the Gradationary Series, from which the illustrations 
given have been drawn. 

Erom the few summary statements that have been adduced, it is sufficiently obvious— 
thou g h the details are worthy the closer attention of the Physiologist that in the feeding 
or fatt ening of aninrmlRj the apparatus which subserves for the reception, the elaboration, 
and the transmission, of the food, does not increase so rapidly as those parts which it is 
the object of the feeder to store up from that food. These parts constitute the saleable 
“ Carcass M —or framework, with its covering of flesh and fat. The Tables of ultimate and 
proximate composition have shown, that of tliejfWi and fat of the Carcass, which thus 
constitute the greater portion of the increase, the. former—the flush or nitrogmom 
portion—increases but little during the fattening process; whilst the latter—tlie/tfrf— 
increases in a very much greater proportion, Of the internal parts again, it is also the 
fail which increases the most rapidly. 

The maturing process consists, then, in diminishing the proportional amount in the 
whole body, of the collective muscles, membranes, vessels, internal fleshy organs, and 
gelatigenous matters—or motive and functional, or, so to speak, working parts of the 
body—the constituents of which may increase the amount, or replace the transformed 
portions, of similar matters in the human body. It consists farther, in increasing very 
considerably the deposition of fat —the most concentrated of the respiratory, and non* 
flesh-forming constituents of human food. 

It is then, in our meat-diet^ of recognized good quality, to which is generally attributed 
such, a high relative 41 fleshforming ” capacity, that wc carefully store up such a large 
proportion of w^flesh-forming, but concentrated respiratory material 

* It trilL probably be noticed^ that the Bums of the percentages of the corresponding total of&l, and total 
c^eaes-parts hope quoted, do not quits make up the 100. The complementary amounts represOftt tbs "Low 
e^inweij^ing, M” , 
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X—8TJWMABY, AND CONCLUSION- BELATION OP TUB NON-NITROOBNOU8 
™B NONiSmTOEMING, TO TUB NITBOGKNOtTS CONSTITUENTS, IN ANIMAL 

POOD, AND IN BEEAD. 


It has been established by analysis that the entire bodies of home of llie most impoilant 
animals fed and slaughtered for human food, even when in a reputed lean condition, 
may more dry Fat than dry Nitrogenous substances. This was the (ase with a 

half-fat Bullock, a store m lean young Sheep, a lmlf-f.it old Sheep, and a store or lean 
young Pig. Of these, the two last, indeed—namely, the half-fat old Shoe]), and the Iron 
Pig, in their Bntnc Bodies, nearly one and three quarter time as much dry 

Fat as dry Nitrogenous matter* 

Of the animals “ ripe” for Iho butcher, a Bullock contained lather more than twice os 
much dry Fat as Nitrogenous substance; a moderately fat Sheep nearly three* limes as 
much; and a very fat one more than four times as much. A moderately fat Pig con¬ 
tained in its entire body also about four times as much dry Fat as dry Nitrogenous 
matter. Even a fat Lamb yielded more than twice as much Fat as Nitrogenous subs!ana. 
Of the profossodly fattened, animals, the fat Calf alone contained lather less Pat than 
nitrogenous matter. 

Of the 10 animals analysed, the store Sheep, and the store Pig, respecti\ely, wore 
certainly in a much loaner condition than Sheep and Pigs avo usually, it ever, slaugh¬ 
tered for food in this country. Sometimes, though seldom, Oxen and Sheep may be 
killed in as loan a state as tho “half-fat Ox," and “half-fat old Sheep." The “fat 
Cajf,” the “fet Ox,” the “fat Lamb," and tho “fat Sheop," may perhaps be taken as 
fairly representing the average conditions, roBpectivoly, of 6uch animals of reputed 
good quality, and admitted to be properly fattened. The “ extra-fat Sheep ” was 
undoubtedly considerably fatter than mutton os usually killed. Tho “ fat Pig ” was 
probably about as fat as the average of tho animals consumed in largo proportion as 
fresh polk; but certainly less so, than the average of those fed and slaughtered more 
exclusively for curing. 


One of the most important applications which can bo made of a knowledge of tho 
composition of the animals which constitute the chief sources of our animal food, is to 
fhA main points of distinction between such food, and the staple vegetable 
substances which it substitutes or supplements, in an ordinary mixed diet. Of the 
latter, Wheaton Bread is, in this country at least, undoubtedly the most important. 
This substance therefore— Wheaton Bread —is the best that can be token as tho type of 
our current vegetable food-stuffe, for the purposes of any general view of tho comparative 
characters of our chief ammal and vegetable aliments. Obviously too, tho first and main 
gdmfcjp to attempt to gain some insight into the relative characters of theso two promi- 
neitBy (feasted classes of human food-stufife, in regard to the average proportions which 

« I 
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they will probably respectively contain, of worc-flesh-forming to “flesh-forming ” consti¬ 
tuents. And, for the purposes of the merely general view here contemplated, we shall, 
in accordance with the usual practice in such discussions of late years, assume the “ non- 
flesh-forming * or more specially respiratory and fat-forming capacity of the foods, to be 
repres en ted, approximately, by the collective or total noti-nitrogenous constituents, and 
the “ flesh-forming ” capacity to be indicated, conditionally, by the collective or total 
nitrogenous constituents of the respective foods. Indeed neither is our existing know¬ 
ledge of the adaptation to the various exigencies of the animal economy of the different 
compounds which our foods supply, so far advanced—nor me our special facts in regard 
to the composition of the animal aliments wc have analysed, of such a character—as to 
render it desirable to attempt, at present, any more exact mode of classiiication. With 
regard to the varying capacity for the purposes of the system of the different ^-nitro¬ 
genous constituents, we shall, however, make some numerical estimates furthci on. 
But, so fax as the several nitrogenous constituents are concerned, we are not in a posi¬ 
tion to reduce to the form of numerical illustration any distinctions that might ho drawn 
between them. In fact, as already stated, we arc not even prepared to givo an estimate* 
of how much of the nitrogen of the animal substances wc have analysed was due to 
gelatin and chondrin-yielding matters, and how much to the so-called protein-com¬ 
pounds ; yet, on the assumption that the former substances are not to ho reckoned as 
“fleshforming” our estimates of the amounts of such material in the animal substances 
in question, would he in excess by at least Hie quantity of gelatin and el ioiidriu*y folding 
matters which the total or collective nitrogenous substance may contain. 

It is proposed, then, on the present occasion, to confine attention to the contrast be¬ 
tween the composition of tho estimated consumable portions of the animals analysed, and 
that of Bread, in regard alone to the relation in oach r of tho noti flesh forming to die* 
assumed “ flesh-forming” constituents—and in regard to this point, so far only, as this 
can be taken to be illustrated by the relation of the non-nitrogenous to the collective 
nitrogenous constituents, in the respective foods, 


It is sufficiently obvious, that the composition of the entire bodies of out slaughtered 
animals cannot be taken as representing that of tho consumable portions only. The 
composition of the collective Carcass parts^ and of the collective Offal parts t respectively, 
of the BTiimnlfl analysed, was therefore also determined. As already alluded to, however, 


a considerable amount of the nitrogen of the Carcass will be found in its boncS) and 
probably tittle of this will he consumed as food. On the other hand, a considerable 
proportion of the internal organs rich in nitrogen, will be so consumed. It has been 
estimated too, that of the Fat of the slaughtered animals, the amount contained in the 


Carcasses Cannot always be taken as representing the proportion of the whole Fat of 
the body vvihioh will be consumed* It will be well, therefore,, to state briefly here, the 
basis and mode of Alm^ti^ adopted, and the general_res4t arrived at, in forming 
an estimate of the pj^Mbia p*p^^ tot^ S&to^omi compounds, and of the 


* L \ 
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total Fat respectively, of the slaughtered animals, which will, on the average, ho applied 
in some form as Jiwtnaift food. 

In the Calf and Bullocks analysed, about two-thirds of the entire Nitrogenous sub- 
stances of the body weie contained in the so-called Carcasses. Of this, say OOJnls per 
cent of the whole mtrogm of the body thus found in the Carcasses, somewhere about 
12 parts were contained in the Caicass rtones. Supposing none of this were eaten, thero 
would remam only about 54Jids per cent, of the whole nitrogen of the body, in the soft 
edible portions of the Carcass. Of the 33Jrd per cent, of the nitrogen which is accumu¬ 
lated in the Offal parts, in the Calf perhaps 7 to 8 parts, and in the Oxen perhaps from 

4 to 5 parts will he consumed as human food*. Adding this to the portion eaten 
in the soft parts of the Caicass, it would appeal*, that in Calves rather more, and in 
Oxen rather less, than 00 per cent, of the total nitrogen of tho bodies will be consumed. 
Of the total Fat of the same animals, about 70 per cent, in tho case of the Calf, and 
rather over 75 per cent, in the case of tho Oxen, wore found in the Carcasses. Of the 
30 per cent, of the whole Fat of the Calf, which were found in its Offal, all but about 

5 parts may bo estimated as eaten—-that is to say, 95 per cent, of tho whole hat of tho 
animal. Of the 25 per cent, of the Fat in tho Offal of tho Oxen, about one-fifth is sup¬ 
posed to be consumed. This, with the whole of tho Carcass-fat, will show 80 per cent, 
of the total Fat of Oxen to be applied as food. In estimating tho proportion of the 
consumed Fat, to the consumed Nitrogenous compounds in Calves and Oxen, it is assumed 
then, that in tho former 95 per cont. of tho total Fat, and 00 per cent, of the total 
Nitrogenous compounds, will be applied as food; and that in the lattor (oxen), 80 pot 
cent of the total Fat of the body, and 60 per cent, of tho Nitrogenous matters will be 


so applied. 

Of the Lamb and Sheep analysed, owing to the large amount of nitrogen in the wool, 
little more than half—from 52 to 53 per cent.—of the total amount of tho nitiogenous 
compounds of the body was found in the Carcass . About 10 par cent wero contained 
in the horns of the Carcass, of which but little would be consumed os food. To make 
up for the nitrogen in the bones of the carcass that will not be consumed, from 0 to 7 
parts of the 47 or 48 per cent of the whole nitrogen included in the Offal may be con¬ 
sidered as eaten. Thus, in round numbers, it may be estimated, that of the whole of 
the Mtrogenous corwpomds of the body of the Lamb and Sheep, 50 per cent are 
applied as hmuan food. Of the total Feet of the Lamb and Sheep, about 75 per cent 
will be oontadned in the Carcass-parts; and this is the proportion of the whole, which, 
in the case of Sheep, should be taken as eaten. Of the Lamb, however, 95 per cent of 
the whole Fat of the body is supposed to be consumed. 


* Far the amounts, and distribution, of the 1 ton* in the different animals, see Tables 1. to X., induairo, 
in the Appendix, pp. 580—589; also the discussion at pp. 528,524. Fen* the distribution of tbo Mtrogm 
ufftlS djjBerent ports of the body, see Tables V and VI,, pp. 514 and 515, and the discussion upon thorn. 
Atodfl^: estimates as to which portions of the Offal parts will usually be consumed as food, see p, 524 
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In the fattened Pig, supposing its parts to be classified in the some maimer as those 
' 0 f the other arnmeik *, about three-fourths of the total nitrogen were found in the Carcim 

Of these_say 74 to 75 parts—about 4 to 5 parts would be contained in the Carcass- 

bvnes. This leaves about 70 parts of the total Nitrogenous compounds of the fat Pig 
accumulated in the soft edible parts of the Carcass. But 8 parts at least of the whole 
nitrogen of its body will be consumable from the here reckoned Offal of the Pig. Tt 
may be estimated, therefore, that of the whole Nitrogenous compounds of the body of 
this animal, about 78 per cent, will be consumed as human food. Of the total Fat of 
the body of the Pig, about 90 per cent, wore found in the parts classified as Carcass. 
Redroning that a portion of this, from the 44 flare, may go foi medicinal and pcifuint ly 
purposes, but that the amount so lost to food is compensated by an equivalent portion 
of the Offal-fat consumed, it may be estimated that 90 per cent., or somewhere about 
the proportion of the whole which is contained in the Carcass, will bo consumed 

as food. 

The results of these estimates of the proportions of the total Nitrogenous Compounds, 
and total Fat respectively, of the several descriptions of animals which will he consumed 
as human food, may be arranged for convenience, at one view, as follows: 



Per cent, consumed as human Pood. 


Of the Total Nitro- 

Of the Total Vat 


gamuts Compounds 
of tho body. 

of tho body. 

Calv<w... 

60 

06 

Oxen... 

60 

80 

Lambs ..... 

60 

08 

Sheep.. 

60 

76 

Pigs . 

78 

90 

I 


Adopting these estimates, it would result, that, in Calves and Iambs particularly, 
but also in Oxen and Sheep, the proportion of Fat to nitrogenous compounds in the eon* 
rnned portions, will be somewhat higher than in the entire Carcasses including bone. 
In Pigs, on the other hand, the proportion offkt to nitrogenous matters Will be-slightly 
higher in the entire Carcasses as here classified (excluding* head and feet), than is the 
es tima ted total consumed portions. The exact proportion to one another of the con¬ 
stituents in question, in the entire Carcasses, and in the total estimated consumed por¬ 
tions, respectively, of each animal, is shown in the first two columns of Table XXIV., 
which will shortly follow. 


* Hr has already been sufficiently explained, that, in the cases of the Pigs lulled for anafyiii, there was 
adogteA th e convenience of compa ris on, as nearly as possible the same c la ss ification of the parts into 
Carcass andas with the other descriptions of animal.. The delation from the usual 


practice consisted, in £$ question, in classing tfreHead and Feet with the Offid, instead of with the 

—A " _ J** >1 , ' k*. L m J .Sakfc _t _ A*. _ _J__. ^ 


Carcass. This will not, Wto a&Ct the final result a? in the estimates under eon- 

^deration'in.the text. ' \ ~' ' H * V* < jl'H * ’ 7 
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Before any legitimate companion can be drawn between the composition o f our Animat- 
food and that of Bread, in regard to the proportion in each, of tlic ^iw-nitrogcnoiis or 
Fow-flesh-foiming, to the Nitrogenous (or so-called “ Flesh-forming”) constituents, it is, of 
course, necessary to form an estimate of the probable relative values, for the purposes of the 
system, of a given amount of the Feet in the one, and of the Starch which predominates 
in the other. In calculating the amount of Starch which would be required to produce a 
given amount of the mixed Feets of the animal body, it was decided on grounds that were 
stated (p. 551), that 2*6 parts of Starch might be assumed to be requisite for the foimation 
of 1 part of Feet. It was stated, that assuming the mixed fats of the fattening animal 
to contain, in round numbers, 77 per cent, of caibon, 12 pei cent, of hyilrogcu, and 11 
per cent, of oxygen, it would take pretty exactly 2-45 parts of pure Starch to supply the 
necessary carbon and hydrogen for 1 part of such a mixed Fat , and to yield, at the 
same time, oxidable material (caibon and hydrogen), to carry off tho whole of the super* 
fluons oxygen of the Starch, as carbonic acid and water. But, this being tbo minimum 
amount of Starch required, and owing also to other considerations stated, the convenient 
number 2 5 was taken as the amount of Starch required to produce 1 part of the mixed 
Fata, in tho Jatteniug animals. The jwfl-nitrogenous substance (not fat) in lined eon* 
sists chiefly of Starchy part of it in a moie or less altered condition. There i« also 
a s mall but variable amount of indigestible matter, and of compounds luivmg a some¬ 
what lower percentage of carbon than Starch itself. We may snlely take, then, for our 
prosent purpose, the number 2*5 as representing the amount of the mixed Starch and 
the other nmnitrogarms substances in Bread (oxclnding hit), which will be equivalent 
to 1 part of Fat, for the purposes of storing up Fat in tho human body. It would, of 
course, be quite out of place in such a calculation, to take into account any slight 
difference between the composition of the mixed Fats in the human body, and of those 
of the slaughtered animals used as its food. 

In the converse estimate to the above, namely, that of how much pure Starch would 
be equivalent to 1 part of the mixed Fats in oxygon-saturating capacity—that is, for the 
purposes of respiration—we get of course tho same figure 2*4 5. But for tho equivalent 
of the mixed Starch and other non-nitrogenous constituents, excluding fat, we take the 
number 2*6. In this purely chemical point of view, therefore, wo take 1 pait of Fat 
in Ammalfood, as equal, in lespiratory and fat-forming capacity, to ports of the 
Starchy &o., in Bread. 

The amount of fat in the Carcasses—or in the estimated total consumod portions of 
the entire animals—haB then only to be multiplied by 2*5 to bring it to its starch* 
equivalent; or rather, to its equivalent of the mixed starch and the other non-mtrogenous 
matters m Bread. This " starch-equivalent” of the Fat, divided by the amount of 
nitrogenous constituents, gives, of course, the relation of the more specially xospiratory 
Sttd Fat-forming constituents to 1 of Nitrogenous matters, in the animal substances, in 
Mt&S farm that these can he compared, in this respect, with Bread. 

SfaAi ml the information at command, we take the average composition of good wheal- 


■» 
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flmr-bread (whole loaves, crust and crumb together), at 64 per cent, total dry substance* 
Of this, 1*5 is reckoned as mineral matter (mineral constituents of the flour and salt); 
8-2 per cent nitrogenous compounds (=T3 per cent nitrogen); 1 per cent, fat; and the 
remainder, or 63*8 starch, and allied non-nitrogenous matters. If the 1 per cent of fat 
be mult iplied by 2*5, and the result added to the 63*3 of starch, &c., wo get 66 8 foi the 
per cent of starch or <£ starchreguivalentf in Bread. If this be then divided by 8*2—the 
amount of the nitrogenous compounds—we get the result 6*8*f* as the proportion of non- 
nitrogenous or respiratory and fat-forming matters (reckoned into “ stai*ch-equivalent ) 
to 1 of nitrogenous or so-called “fleshrfowning” compounds in Bread, I his, then, is the 
standard by which is compared the composition of the several Carcasses, and that 
of the es tima ted total consumed portions^ of the different slaughtered animals, in order 
to arrive at an approximate judgment os to the comparative characters of our staph? 
Animal and Vegetable food-stuife. 

In conformity with the explanations which have been given, the First Division of 
Table XXIV., which now follows, shows the proportion of actual dry flat to 1 of dry 

Nitrogenous compounds , in— 

1st. The Carcasses as analysed (including bone). 

2nd. The estimated total consu/med portions of the "Entire Animals. 

The Second Division of the Table shows the proportion of « starch-egxdmlmt ” to 1 of 
Nitrogenous substances , in— 

1st Tho Carcasses os analysed (including bone). 

2nd. The estimated total consumed portions of tho Entire Animals, 

3rd. Wheat-flow Bread (whole loaves, crust and crumb together). 

* See Paper, by the authors, “ On some Points in the Composition of Wheat-Gram, its Products in the 
Mill, and Bread,” in the Quarterly Journal of the Chemical Society of London, voJL x. part 1. 

t Since the above estimates were made, wo have been favoured by Dr. J, Forbes Waxson with a view of 
some unpublished results obtained in his own Laboratory, These show, taking the average of 48 loaves of 
London bread purchased at nearly as many different (shops, 88*83 per cent, of total dry matter j 1*44 per 
oent. of mineral matter; and 1*806 per cent, nitrogen® 8*28 nitrogenous compounds. Adopting these data, 
and allowing 1 per cent, of fat in the bread, we get 6*74 parts of " ataroh-equivalont 11 to 1 of nitrogenous 
matter in bread. Taking again tbe mean of analyses of 25 different spe c i m en s of bread by Dr. Odlikq 
(J ournal of the Society of Arts, voL vi. No. 281), we get, on the same plan of calculation, 6*15 ports of 
<l starch-equivalent *’ to 1 of nitrogenous compounds in bread. It may bo mentioned, however, that tho 
probable average amount of fatty-matter in Wheaten Bread is perhaps nearer 0*6 than 1 per cent, j and 
’ fcA.'k’fag it at 0*5 per cant., the relation of the (( starch-eguivalent n to 1 of nitrogenous compounds in Brood, 
would be, according to our own estimate of composition, 6*71 j according to the results of Dr* J. F. Wxww, 
- 6*65 j and according to those uf Dr, Onnoru, 6‘07. 
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Table XXIV.—Showing the Relation of the Non-nitrogcnous or N on-flcsh-forming 
to the Nitrogenous Constituents, in Animal Food, and in Bread. 



Proportion of Dry Pat 
to 1 of Diy Nitrogenous 
Compounds. 

PropoiUou of Staich, 01 of "Starch* 
equivalent ” of Fat, to 1 of Diy 
Nitiogenous Coiuiiotmds. 

In Carcasses 
including Bone. 

In tlie Estimated 
Total Consumed 
Poitions of the 
Animals. 

In Carcasses 
mtlndmg Hone. 

In the Estimated 
Total Consumed 
Poi lions ot the 
Animals 

Store or Lean, and Half-fat Animals. 


Store Sheen . .. 

— 


4*09 


Store Pur -... 



5*02 

a it 

Half-fat Ox . 


1-53 

3-17 

8*83 

Half-fat old Sheep. 


2*51 

6*27 

6*28 

Fat and very Fat Animals. 



Fat Calf. 

1-00 

1*54 

2*49 


Fat Ox . 

2*31 

2*76 

5*78 

| 

Fat Lamb . 

3*39 

4*40 

8*49 

11*01 

Fat Sheep ... 

3-96 

4*37 

9*89 

10*93 

Very Fat Sheep. 

6-07 

6*28 

15*18 

16*G9 

Fat Pig. 

4*71 

4*48 

11-77 

11*20 


Means. 



Of StoTe and Half-fat Animate. 

1*76 

2*02 

4*39 

5*05 

Of Fat and very Fat Animals . 

8*67 

3*97 

8*93 

9*93 

Of the 10 Animals Analysed . 

9*85 

3*48 

7*11 

8*71 

Wheat-flour Bread. 


.. t— 


\< -L 

_ 

| Whole Loaves, Crust and Crumb together .. 


6*8 


To the first Division of this Table, which shows only the relation oi fat itself to the 
nitrogenous compounds in the staple of our animal food, and without any assumptions 
as to its probable equivalent food-value compared with other substances, littlo exception 
can be taken. The striking feet appears, that, whether we take the composition of the 
entire carcasses inc l uding bone, or that of the estimated total consumed portions of the 
animals, the average of those of teem supposed to be sufficiently fattened, shows from 
3^ to 4 parts of dry Fat, to 1 of dry nitrogenous substances. Taking the estimates of the 
total consumed portions to be pretty near the truth, the fet Calf shows 1 £ time, tee fat 
Ox 2£ times, tee fet Lamb, fat Sheep, and the fet Pig nearly Q times, and tho very fat 
Sheep 6i times as much dry fat, as drynitrogenous or so-called “fleshforming" constituents. 
TBfahvspage of tee 10 entire Carcasses even, including bone, and of which sovoral woto 
% leaner condition than as usually sold, gives 2*85 parts of dry fet to 1 of 
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dry nitrogenous compounds. And lastly, the average of 8 of the animals—that is, 
excl uding only the store Sheep and store Pig—shows in the estimated consumed por¬ 
tions about 3J parts (3*48) of dry fat for 1 of dry nitrogenous compounds . 

It would perhaps be hardly anticipated, that in the staple of our meat-diet, to which 
such a high relative flesh-forming capacity is generally attributed, there should be found 
such a large proportion of fat or wow-flesh-forming, to nitrogenous or assumed flesh¬ 
forming constituents, as the figures in the first Division of the Tabic would show. The 
result of such a comparison as present knowledge enables us to institute on the point in 
question, between our staple articles of Amimal-fooft., and liread, will cci tainly not bo 

less surprising. 

With regard to the second Division of the Table, in which the I at of the animal 
matters is calculated to its supposed respiratory and fat-forming equivalent of the starch 
and other non-nitrogenous matters occurring in Bread, it is freely granted to the Phy¬ 
siologist, that it is only in a certain broad sense, that such an assumption of equivalency 
can be admitted. It is nevertheless maintained, that for our present purpose, it is both 
useful and legitimate to adopt it. Without it, the important comparison sought to be 
instituted cannot be made; and there is evidence enough both of a practical and 
scientific kind to show, that, at least to a certain degree, Fat and the starch series of com¬ 
pounds are really thus mutually replaceable in our foods. 

The Table shows, then, that in Bread, there arc 0*8 parts of Starch, or u starch - 
equivalent” to 1 part of Nitrogenous compounds. Taking the relation of the one class 
of constituents to the other in the estimated total consumed portions of those animals 
assumed to be in fit condition for the butcher, there' is only one case*—that, of the fat 
Calf—in which the proportion of the so-measured respiratory or fat-fonning constituents, 
to the so-measured flesh-forming ones, was, in this our meat-ddet, lower than in Bread, 
In the estimated total consumed portions of the fat Ox, the proportion of the M starch- 
equivalent ” of the wow-flesh-forming material (fat), to 1 of nitrogenous compounds, is 6*9; 
or rather higher than in Bread. In the estimated consumed portions of the Pat Lamb, 
the Fat Sheep, and the Fat Pig, the proportion of the thus estimated respiratory and 
fat-forming material to the nitrogenous matters, was rather more than 1} time as great 
as in Bread. In the Extra-fat Sheep, it was more than twice as great. 

The average of the six cases in which the animals were supposed to be “ ripe" for the 
butcher, shows, in the estimated consumable portions, nearly 10 parts of the “ starch- 
equivalent” of specially respiratory or fat-forming material, to 1 of nitrogenous com¬ 
pounds ; that is, nearly 1-J- time as much as in Bread, In the Half-fat Ox, and the 
- Half-fat old Sheep, neither of which, however, were in the condition of fatness of Own 
*ynd Sheep as usually killed, the relation of the “starch-equivalent” to the nitrogenous 
compounds (in the consumable portions), was lower than in Bread; namely* as 8*83 to 
1 in the and as 6*28 to 1 in the Half-fat old Sheep, 

' Taking the including bone, the relation of-the wow-nitrogenous 

' (stardi-equivalent) te is* ht them also* in most cases higher 
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them in Bread. In the Fat Calf and Fat Ox, however, it is lower, namely, only 2-4.9 to 
1 in the former, and 6-78 to 1 in tho latter. On the other hand, in the Carets of the 
Fat Lamb, the proportion of the “starch-equivalent” is 8-49, in that of tho Fat Sheep 
9-89, in that of the Fat Pig 11*77, and in that of the Extra-fat Sheep 16-18 to l of the 
nitrogenous matters. The average of the 6 matured Carcassos gives 8-93, and that of 
those of the 10 animals analysed 7-11 of ttow-mtrogcnous matter, leckoncd as “ bUrcli- 
equivalent,” to 1 of nitrogenous substance—that is, rather more than in Bread. 

Of the feet of the increase in the proportion (so far as its rospiiatory and fat-forming 
capacity is concerned) of the »«Hritrogenous to tho nitrogenous matter of our food, by 
the use of these Animal aliments, the cvidenco adduced can hardly leave a doubt. It 
will perhaps be maintained, that when animal s are so far fattened as to attain the losult 
here supposed, the feeder is simply inducing disease in the animals themselves, and 
fiustiatmg that which it is considered should be the special advantage of a meati-diet 
namely, the increase in the relative supply of tho nitrogenous constituents in our food* 
It is not denied, that occasionally animals are over-fed, and that a condition bordering on 
disease is so induced. But such is certainly not the rule. There can, indeed, be little 
doubt, that in animals that would be admitted, by both pioduccr and consumer, to he in 
only a proper condition of fatness, thore would ho a higher relation of respiratory and 
fet-forming capacity, so to speak, in their total consumed portions, than in the average 
of our staple Vegetable foods. It may bo true, that with tho modem system of bringing 
anrmn.lfl very early to the knife, by means of abundance of food and the avoidance of 
cold and exercise, the development of Fat will bo greater, and tliat of the muscles and 
other nitrogenous parts less , than would otherwise be the case. But it is at tho same 
friwip certain, that if meat is to be economically produced, so as to bo within the roach 
of the masses of the population, it can only be so on the plan of u early maturity” Nor 
can it be questioned, that the admixture of tho meat so produced, with their otherwise 
vegetable diet, is, in practice, of great advantage to the health and vigour of those who 
consume it 

It is not to be assumed, that in every dish of fresh moat, tho relation of tho Fat to 
the Nitrogenous matter will be as high as in the estimated eonsumod portions of the 
animals to which our Table refers. The collective joints, as sold, will frequently have a 
less proportion of fat, than the whole carcasses from which they are takon, A further 
amount will be removed in the process of cooking; though this portion will generally 
be consumed, in some form or other. But the consumers of fresh meat generally 
consume also suet, lard, and butter; which either add to the fatness of tho cooked 
meats, or are used farther to reduce the relation of the nitrogenous constituents in the 
collaterally consumed vegetable foods. But, even were it granted, that tho proportions 
of Fat to Nitrogenous substance which our Table shows wore too high, it must on the 
other hand be remembered, that a considerable portion of the Nitrogenous matter of the 
aujmfrqfoi wiH be gelatin or chondrin-yielding substance, the applicability of which, at 
any ftydctly speaking flesh-forming, is, to say the least, doubted. 

J j 
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It would appear to be unquestionable, therefore, that the influence of the introduc¬ 
tion of our staple animal foods, to supplement our otherwise mainly farinaceous diet, is, 
on the large scale, to reduce , and not to increase, the relation of the assumed, flesh¬ 
forming material, to the more peculiarly respiratory and fat-forming capacity, so to 
speak, of the food consumed. 

That, nevertheless, a dietary containing a duo proportion of animal food , is, for some 
reason or other, better adapted to meet the collective requirements of the human 
organism, at least under many conditions, than an exclusively Bread, or oilier vegetable 
one, the tes tim ony of common experience may be accepted as sufficient evidence. Inde¬ 
pendently of any difference in the physical, and perhaps oven chemical relations oi tin; 
supposed flesh-forming nitrogenous compounds in animal food, which may render them, 
at least in limited quantity, more easily available to tho purposes of the system than the 
assumed analogous vegetable products, it is at any rate clear, that the main and charac¬ 
teristic distinction between a Bread —and a mixed Bread and Meat diet —consists, not 
only in the quantitatively higher relation of the respiratory and fat-forming capacity to 
a given amount of assumed flesh-forming material in the latter, but in the fact, that the 
wm-flesh-forming constituents in the animal portions of the food, are in the form of 
fat itself —and not as in Bread, of mainly starch. 

In fat, we have the most concentrated respiratory—and of course fat -storing material 
also—which our food-stuffs supply. But independently of tho far greater capacity, so 
far as the supply of constituents is concerned, of a given weight and bulk of Fat com¬ 
pared with Starch and the other substances of its class—would it not scorn probable, that 
the tax upon the system would be loss, at least for Fatstoring, if not in a degree for 
respiration also, in the case of the readyformed Fat, than in that of the Starch front 
which it may be formed^ 

Again, it has been shown that Fat subserves important purposes in aiding the 
digestion, and preparation for assimilation, of the matters ingested with it. And 
certainly the natural distribution and blending of tho Fat with the nitrogenous com¬ 
pounds in meat, iB such as is not met with in our staple vegetable foods. May it not 
too be supposed, that its liberal distribution with the transforming nitrogenous matters 
throughout the body, will modify the character of tho changes constantly going forward, 
from that which would obtain, were the needed oxidable material kept up in larger 
proportion through the means, more or less directly, of the curront supplies of Starch, 
and other matters not Fat, in the foodl 

But whatever may prove to be the exact explanations of the benefits arising from a 
mixed a nimal and vegetable diet, it is at any rate clear, that they are essentially con¬ 
nected with the amomt, the condition, and the distribution, of the Fat in the animal 
portions of the food, It is true, that s the very basis of some of our illustrations lias 
been the assumpticnv, that Starch and its analogues on the one hand, and Fat on the 
Qfher, are, in a c^tainiense, and within certain limits indifferently,mutually replaceable; 
—and further, fhat they aresojfn approximately measurable proportions. It is, however. 
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certain, that independently of the mere supply of constituents, the conditions of concen¬ 
tration, and digestibility , and consequently of astimilability of our different foods, must 
have their share in determining the relative values for the varying exigencies of the 
system, of substances which, in a more general, or more purely chemical sense, may still 
justly be looked upon as mutually replaceable. It would, indeed, hardly be supposed, 
that substances so distinct, both morphologically and chemically, as Fat and Starchy will, 
under all circumstances, be equally adapted to the conditions supplied within the living 
’ organism, and be so at an equal cost to its energies;—even though they may each even¬ 
tually subserve the Fat-storing and respiratory requirements of the body. 

It is, then, fully granted, that in the study of this branch of Physiological Chemistry, 
as in that of others, the facts peculiar to Physiology herself must be allowed an important 
place; though, it is at the same time claimed, that those of Chemistry be not excluded. 
By the aid of Chemistry it may be established—that, in the admixture of Animal food 
with Bread, the relation, in estimated respiratory and fat-forming capacity, of the nm- 
nitrogenous to the Nitrogenous substance, will be increased; and further—that, in such 
a mixed diet, the proportion of the non-nitrogenous constituents which will be in the 
concentrated condition, so to speak, oifat itself will be considerably greater than in Bread 
alone. Common experience testifies, moreover, that certain advantages are so derived. 
It is fox Physiology to lend her aid to the full explanation of the facts and conclusions 
which Chemistry and common usage may in their turn determine. 
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APPENDIX. 

Tablb I.—Showing the Freeh Weights of the various Organs and Parts of A FAT OALF, killed for Analysis, 
September 12,1849 j also the results of the Determinations of Dry Matter and Ash in the same. 


DougututB «f Parti. 



Dry matter at SIS 0 

k 

Minasl matter («*h) 

Original freak 
weight*. 


Total dry 
mutter. 

Proportion of 
whole, and 
uUcnUtod 
mights, of dry 
mafias taken 
for burning 1 # 

Actual 

ashes 

obtained* 


matter*. 


Half-carcass... ■ 

' Flesh and kidney. 

[ Bones.... 

11m. m. 

65 13*46 
2 12*94 
11 14*66 

lbs. oi 

13 9*70 
0 1*58 
0 8*58 

Totals of half-carcass operated on . 

Other half-carcass (diy, Ac., calculated). 

80 9*06 
79 15*94 

20 8*86 
20 1*57 

Whole carcass. 

160 9*00 

40 5*43 




Of. 

0994 

70 

92 

0*024 

58 

4*780 


10 2 61 
10 1-46 


80 6'47 
30 8 03 


8 9*70 
8 9*38 


20 '4*07 60 9*60 


ORGANS OR PARTS CONSTITUTING “ OFFAL.” 



Stomachs (washed) . 

Csnl.ftt and membrane . 

Small intestines (washed). 

Large intestines (washed) .. 
Intestinal fkt and membrane 


Ileart and aorta.. 

Ilesrt-fat (with membrane).. 

Lungs and windpipe.... 

Blood...... 

Liver.. 

Pancreas (“sweetbread”). 

Thymus gland (“heaitbread”).,. 

Glands about the throat (“ tnroatbread”) 
Milt or spleen . 


Bladder, See.. 

Head flesh.. 

Head bones . 

Pelt. 

Hair . 

Feet, hoofls, Ac. 

Tail flesh .. 

Tail bones.. 

Diaphragm (“skirts”) 


Total oflhl 


2 13 10 

2 7*56 

4 8*30 

2 050 

4 3*11 

n 

1 7*58 

0 6*05 

0 6*80 

t 

3 5*70 

0 13*50 

13 8*79 

2 8*13 

4 8*57 

1 0*34 

• 1 1290 

0 5*31 1 

J 1201 

0 2*72 

0 7*20 

0 1*58 

7 13*84 

1 7 86 

8 040 

1 14*98 

. 16 1371 

4 5*86 

0 1478 

0 10*58 

4 500 

2 14*11 

. 0 8*48 

0 0*97 

. 0 1*86 

0 0*94 

. 1 1-60 

0 4*45 

’ 77 1*82 

16 12*60 


8 4*04 


SUMMARY:—ENTIRE ANIMAL. 



2*027 

20*061 

8*172 


0787 

6*905 

15490 

13*972 

5*292 

9*222 

0487 

0*471 

1*112 


Total carcass..... 

Total ** ofltt” parts . 

Contents of stomachs .... 

Contents of inteatines ... 

Loss by evaporation, error in weighing, Ac. 


Entire animal (live-weight after fluting).. 


Amount and distribution of the flat obtained by melting and 
expression (lbs., oza, and tenths). 


including kidney fat)... 20 4*07 

Prom caul .. 1 

From Intestines. 5 7*78 ] 

From region of heait...... J ■ 8 4*04 

Jhem remaining parts .2 12*26 J - 

* Total. 28 8*11 





<4 hurt-fat with membrane. 


Amount and distribution of bones (Including hoofs), 
lbs., o»., and tenths. 


^nfMaft r Wort half (by experiment) 11 14*66 \ n4W 
In carcaa* -j g eoon ^ ^ (by calculation) 11 1331 j ” 

fltead. 8 9*46 

In oflhl...*4 Feet and hooft .. 4 5*99' 8 1*31 

Tail . 0 1*80 J- 

Total .81 18*28 



0 
8 
0 

0*090 
3*082 
0*016 
0*159 
0 040 


f With caul-fat and membrane. 


t With oaoLflat-membrana. 
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Appendix.—Tabus 11. Showing tlxo Fresh, 'Weights of tho various Organw wul Parts of A 11A hi 4 -I* AT 
OX, killed for Analysis, November 14,1849; also tho results of the Dotonniufttiourt of />»/ Mailer 
and Ash in the same. 


Designation ot Pj*t*. 


Original fpenb 
wiglitu. 


Dry nutter at ai»P. | 

Kxolunvo of 
molted Cut. 

Molted fat. 

Total dry 
mat tar. 


Mineral moUinr (iwh). 


Pmport u»il of 
wliufr. and 


wftKblMi ufmy 
luuUrifl Ukm 
lor burning. 


ntlruliitra 


* 

HalX-oarcasb. * 

* Flesh and Tat . 

Kidney fill aud moinbrnno 

Kidney. 

Flesh juieo. 

k Bones... 

Totals of linlf-caraew operated on. 

OUior bnlf-corcass (dry, fta, cnloulnted). 


Wliolo carcass,. . 


11m. 

04. 

11m, 

OS. 

11m. 

or. 

111*. 

04. 

;m 

0-98 

82 

6-79 

47 

11-05 

130 

5*41 

13 

9*51 

0 

8-90 

12 

4-IK) 

12 

12-90 

1 

2-71 

0 

4-84 

■# 


0 

4*81 


2 

1*00 

* 

M * 

2 

4-IK) 

62 

5-77 

37 

12-23 

« 

t ... 

37 

12*23 

301) 

3-00 

123 

4-82 

18) 

2-05 

183 

7*47 

398 

8-00 

123 

1*42 

00 

0-99 

183 

2*41 

797 

11*00 

240 

w 

120 

3-01 

300 

0-88 

■ ^ 


onaANB of pauts oosffruruTiMd 


Stomaelis (washed) . 32 

Caul-fat and mambnmo . 10 

Small iutentmcs (washed)... 8 

Ijtugo intestines (washed). 0 

Intestinal fat and membrane . 10 


32 1*00 
10 9 60 
8 6*00 
0 0-IM) 
10 11 -50 


Heart mid norln... 

Hoari-fat withnieuibra.no.. .. 

I.ninf'H aud windpipe. 

(flood..... ....... .......... .... . 

Livor . 

Pnnoivns (“Kwentbrrnd”). ., 

Thymus gland (“lienrllimul") . 

(Knuds flltout tho Ihrotil (“UinHilbrend")... 
Miltorsploon . ... 


5 13 50 
2 0-75 
7 12-75 
61 5-00 
16 11-00 
1 0-00 
0 10*76 
0 0-25 
2 2-26 


1 0-10 
0 1-01 
1 13-53 
11 11*11 
4 7*34 


Bladder. 

Gall-bladder. 

Penis. 

Brains... 

Ilood bones .. 

Hide (and horns, Ac.) .... 

Hair . 

Tjog l»nos . 

Hooft and heels. 

Tail flesli .. .. 

Tail Ikiuos. 

Diaphragm (“shirts").... 
Miscellaneous trimmings, 


0 6-00 

0 300 

0 0-60 

0 14*25 0 3*17 

7 7*60 1 12*75 

17 0*50 3 5*12 

14 2-00 10 14-00 

» '* { 81 ! 8 } 

7 7*38 4 10-10 


0 4*22 H -38 18*88 130 5 - 8 ) 


Total offal 


18 0-00 
7 2*00 
1 6-21 
0 7*15 
5 11-60 
1 700 


7 3*23 
3 12-84 
0 fl -71 
0 6-80 
1 8*82 
0 2-88 


Total ow-oaas...... 

Total ofltd part*....... 

Contents of stomsdbs, and vomit .. 

Contents of intestines, and bile ... 

Loss by evaporation, orror in weighing, Ac. 


Jfinlirc animal (Uve-weight oiler fasting) 


822 12-26 91 7*93 I 38 13-88 I 130 5-81 


797 11-00 
322 12-26 
88 0-00 
12 14-00 
10 10-75 


1)717 1 

0-193 

0 

4*93 

2-190 1 

0*098 

0 

0-19 

4 218 j 

0-138 

0 

1*38 

0-912 

0*180 

0 

0*72 

0-305 

0*220 

0 

0 88 

0-81)1 

O 033 

0 

o*07 

7*382 

o mm 

0 

l*6l» 

18*711 

0-812 

0 

0-12 

7-181 

0*380 

0 

3-80 

1-920 

o mm 

0 

0*10 

0*198 

0 031 

0 

0*07 

0*060 

00(0 

0 

0-08 

4-232 

0-208 

0 

1)52 

2-109 

0071 

0 

0*14 

1*683 

0-109 

0 

11*22 

7*187 

0-819 

0 

1*40 

6*312 

0*373 

0 

2-75 

17-40(1 

10*141 

0 

5-41 

20-425 

0*492 

0 

9*84 

18-040 

0-459 

0 

1*84 

11-528 

5*260 

8 

4*50 

15-0H5 

8-327 

0 

18*81 

1-077 

0-058 

0 

0*21 

2-898 

1*110 

0 

9*22 

0205 

0-187 

0 

0*75 

H3H 

0-010 

0 

(MM) 


1 

i ■ i * 1 

13 

1*92 


1282 0-00 


Amount and distribution of the fat obtained ty malting and 
• ootpwwdon (lbs., oss., and tenths). 

In oarooss {including kidney fat)...... 

rBromowil..... 14 14 * 97 ' 

Tnaffid J Brom intestines,.. .....15 0*50 

in own... ofhoart . 9 18-36 , 

t Brora romaining parts 6 1*05 

..120 8*64 

88 18*88 

. 

..160 1*52 



*«{£Srta 85 tf 3 SS &8 

Head. ..... ..14 2-00 

Tnoffld... 3 ? *00 34 lW * 

l ©til. 0 7*15 J- 


Ttotal... 189 0*95 


HDQCCL3X 
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Atotoix.—Tabus HI. Showing tho Broth Weight* of the various OrgnaiB and Paris of A BAT OX, killed 
for Analysis, October 80,1849; tdao the results of the Dotenninaiiona of Dry Matte* and J*h m tho 

same. 


Designation of Parta. 


Dry matter at ills 0 . 


Original freoh Bxduriroof Melted fe*. ’ J ^^ 7 

Wrighta. melted At. matter. 


Mineral matter (aah), 

Proportion of i.t« 

wbolr, and Actual calculated 
aibet for the 

weight*, ot diy obtained, whole dry 
mattei* takou mtUett. 

for burning. 


CABO ASS. 



Totals of half-oaroaas operated on . . 
Other half-carcass (dry, Ac., oaloulatod). 


Whole oar case. 


470 0 50 
468 15*50 


939 6*00 


Ibe. os. 

78 6 70 
0 6 07 
0 14*66 
0 19*59 
40 11*20 


115 818 
114 13*49 


11m. os. 

115 5*16 
85 >50 


HO 14-66 
140 7*77 


lbs. os. 

187 10*86 

97’ 10*72 

40 11*30 


256 0*78 
855 4*96 


239 14*61 | 881 6*43 511 5*04 


Stomachs (washed) . 

Oaul-fefc and membrane . 

Heart, trimmings, Ac. .. 

ftmail and large intoslinee (washed) 
Intestinal fat and membrane . 


Heart and aorta. 

Hoart-fat (with membrane), 
Hangs and windpipe... 


liver ......... 

pancreas (“sweatbroad”).... 

Thymus gUnd (“heartbread") . 

GBauds about the throat (“ throatbroad”) 
Milt or spleen ... 


Gall-bladder 
Bladder...... 

f ... . i s .. ...... 

Banns . 


PI 


flesh. 

Head bones . 

Hide (and boms, An.). 

Hair . 

Leg bones. 

Hod* and heels. 

Tail flesh . 

Tsil bones. 

Diaphragm, (‘ , ddrts ,, ). 

MjsoaUgaeow trimmings t. 


Total offld 


JANS OP PA 

hts coNsrr 

86 6 00 

0 9*05 ) 

99 18*00 

3 15*50 

] 0 1452* 

18 14*25 

J 1 18*69 

36 14*00 

1 6*88 

7 6*00 

1 7*19 

6 3*00 

0 3*01 

8 14*50 

9 0*29 

53 11*75 

10 12*46 

17 10*00 

5 0*70 

0 15*50 

0 2-39 

0 10*50 

0 1*15 

0 650 

0 1*03 

8 4*00 

0 8*77 

. 1 15*08 

0 7*88 

J 0 14*00 

0 8*14 

3 7*50 

0 15*40 

85 9*50 

5 6*66 

14 6-00 

10 4*40 

78 15*49 

85 1344 

6 4*81 

4 14*60 

13 18 00 

8 9*80 

8 10*80 

4 1*98 

1 070 

0 4*45 

0 680 

0 5-40 

7 9*00 

1 835 

~ 876 0-58 

98 7*29 


■ 83 1805 


ffTT mrAB Y;—BNTTB.'Bl AH1MAL. 


a. 115*770 4*975 

V* n aoj 



42 13*41 


20*208 



0 

4*52 

0 

0*38 

0 

1*14 

0 

0*96 



1*600 

3*878 

8*650 

16*440 

80*673 

19*650 

13*030 

6*508 

2*297 

8*700 

6*087 


0*845 

0*061 

0*401 

0*783 

0*385 

0*040 

0*0*17 

0052 

0*116 


0*110 

0*148 

0*300 

9350 

0*585 

0*315 

5*711 

1*370 

0*055 

1*054 

0*193 



13 19*60 


Total ... ........... 

Total offid parts.... 

Contents of stomachs, and vomit.1 

Contents of intestines, and bile .. ......... J 

Loss by evaporation, error in weighing, Ac. 




dS wfl iatsmd. distribution of the At obtained by melting and 
*$<«**«►*' etarsflpwn (lbu, oss^ and tenths). 




*• * * 1 * ft * 

tit * *2)» 


Amount and distribution of bones (includ i n g liooA), 
lbs., oss., and tenths. 


»»>«**> 

‘Heed...U fl-OOl i 

" SR hooft, and heel* ...... 6 10*80 ’ 97 

r ,,1®... 0 6*80J 

, tfpW ..1'W 


t Anridsotsfly mined with ounUftA 
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Afpkkdxx._Table IV. Showing the Freeh Weights of the various Organs and Parts of A FAT LAMB, 

killed for Analysis, August 17,1840; also the results of the Determinations of Dry Matter and Ask m 

the same. 



Original fnah 
weights, 

D 27 matter at 919°. 

Mineral matter (oslij 

). 

Peefrpatton of Parts* 

ISxchulveof 
tneltod fat. 

lleltod fot. 

Total dry 
matter. 

ProiKirtlon of 
whole, and 
calculated 
weight*, of dry 
matter# taken 
fur burning, 

Actual 

uhea 

obtained* 

Ashci 
calculated 
lor the 
whole dry 
mattcra, 

CARCASS. 

-. --- 



f Flesh and fat. 

Half-carcass... * Kidney fat.*.. 

lbn, ox. 

21 1*84 

1 11*20 

2 0*41 

Urn. os. 

8 8*06 

0 0*48 

1 1H7 

6 810 

1 0*20 

lbs. os. 

o n 76 

1 0*06 

1 11*17 

j_ 

os. 

25 830 
0*230 
13*586 

os. 

0 080 
0*008 
6*405 

Totals of half-carcase operated on. 

Other half-careaai (dry, &o M calculated). 

25 6*04 
25 1*00 

4 15*20 

4 14*40 

8 1*30 

8 0*00 

BMW 

■ 

• • « 

■ * * 


— 

0 14*75 

0 1400 

Whole oaroass. 

50 8*00 

0 13*78 

10 1*30 

25 15*08 

* ► i 


1 13*35 


ORGANS OR PARTS CONSTITUTING « OFFAL" 


Stomachs (washed) . 

Oaul-fat and membrane . 

Small intestines. 

Luge intestines. 

Intestinal fat and membrane 


Heart and aorta ... 

Heart-fat and membrane. 

Lungs and windpipo ... 

Blood. 

Liver .. ..... 

Panoroas (“swootbmd”). 

Tbymuu gland (“howtbmul") .. 

Gianda about the throat (“throoUiroad”) 
Milt or spleen . 


Hoad flush. 

Hoad bones . 

Pelt . 

Wool ............. 

Feet, hoofs, fta.. 

Diaphragm < M skirts "), 


Total offal 


} 


1 8*64 
S 442 

2 0 85 
1 1083 

0 5‘87 
0 444 
1 0-81) 

2 14*27 
1 2*85 

0 2*479 

0 2*58 

1 11*00 
0 14*40 
4 18*10 
8 1*71 
0 12*70 
0 4*78 


28 8*20 


0 5*01 
0 H8* 

0 6*40 

t 

0 1*17 
i* 

0 5*10 
0 10*12 
0 5*118 

0 0*679 

0 0*00 

0 6*41 
0 0*00 
l 7 *88 
1 16*10 
0 5*74 
0 1*88 


8 16*07 


8 14*80 


8 14*80 


. ( 

A 

taw 

2*505 

mm 

0 0*18 


I 


0*600* 

■jIM 



* 



1 

imfill 

Its*** 

■ 1 * 

t 

X 

\ 


A 

0585 

0*022 

ensa 


■ * 

* 

t 

J 

X' 


i 


2 550 

0083 

o o l7 


5 


5 062 

0*245 

0 010 

10 14*77 - 

! 


3*840 

0137 

0 037 


d 

0*285g 

0*0179 

0 tHW| 


i 

0*380 

0*010 

0 0*04 

* M»i a 

j 


2*705 


0 0 *80 


3 


4*408 

3*684 



j 


11*878 


Bgtif 


r 


rm 


<mrji 

lift M 

3 


1*436 


jd|| 

situs 

i 

r 

0*802 

•■IMIIISMWS. 

0*0)8 

MZj 

“loTJ5T* 





0 10*81 


SUMMARY i-BNTIRR ANIMAL 


Total oaroass..... 

Total offldparts ...T. 

Contents of intestines .. 

Loss by evaporation, error in wuigldng, &u. 




50 8*00 

9 13*78 

10 1*80 

25 15*08 

- * l M 

i«Hii 

S Mils* 

1)8*85 

20 5*20 

6 16*87 

8 14*80 

10 14*77 

<«• 

StSIfS 

• nets 

0 10*81 

5 3*00 




MS 




3 1*85 


■ 


<1* 



■ 

0 5*80 


mam 


1 IS 


■*- 1 m.*mrnwi 

MU 

inso" 

flu’ll n-pimivw ■ 

16 18*75 

20 0*10 

36 13*85 

torn V 

1 »* 

W iWf f^eyi^s-P. 

-*■ *- a 

JK T 1 -* 

|p 


Amount and distribution of the fat obtained by melting and 
expression (lbs., am, and tenths). 


In oaroass (inoluding kidney M) 

From owJ... 

From intestines,._ 

‘ From region of heart J 

Jkm rvmainin^^ta...... 0 4*4° J 

, nwiw. iwimhi UtfufsH 

; i ■. 'i 1 






| 

MM j 

■ 3 10*401 


J J A I 


18 1-80 


SO 0*10 


Amount and distribution of hone* (including hoofii), 
lbs., oss., and touthe. 


In oaroass-I o 0 . 00 ]*^ 


Inofibl... 


^ Second half (by calculation).., 9 ^8*00 f 

Fort aiid 0 1*70/1222! 

Total ..................... 6 18*58 


* InoludWg dry mafttfi of tattatinal and fcsart-fci and their membranes. t With owlish ’ „. $ With oaul-fat-mombrana. 

9 It is doubtfod whether these amounta refita to tita Panowtai, ^hym^sjlhjtod, sand ®Wds <hout the Throat oolleotivriy, or to 
the Panoreae alone. ,, *" ' - - 1 * * '' „ r . ' ’ 1 - . 

1 l*b« amount. of SOnsral'Mattn In tta WWw WO* fcadltmirt dirk 1 

4sf. 
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Appendix.—Table V. Showing tlio Fredi Weights of tho various OrgtuiB and Parts of A STORE 8IIEEP, 
tilled for Analysis, February 28,1860; also the rosulU of tho Determinations of Dry Matter and A ah 

in the same. 


Dengnofeou of P*itv 


Dry matter at SIS 0 . 




Mineral maUm (anil). 


PioiHWtion of Aihri 

«hol(, onu Actual calculated 
ailim for the 
obtained, whole dry 
mattm token motteie. 

for limiunp. 


‘Plash and fat.. 

Whmm • 

Bones ..... .... . . 


Totals of half-oaroass operated on. 

Other half-carcass (dry, Ac., calculated) . 


Whole carcass . 


lba. oi. 

SI 9-01 
0 217 
0 8*85 
3 8-01 


35 12-94 
20 400 


52 100 


CAEOAJ3S 


0 045 
2 485 


0 0-74 
6 241 


4 15 50 

5 0-87 


12 3-15 I 10 087 


11*. 

0/. 

8 

346 

0 

048 

0 

7*15 

2 

4-85 

n 

0*24 

u 

328 

22 

353 


ORGANS OB PJLBTS CONSTITUTING “ OFFAL.” 


Stomachs (washed) . 

Oaul-fet and membrane 


8 3-83 
3 3-70 


0 5-98 
0 1-08 


Intestinal fat and membrane ... I 0-40 | 

Heart and aorta ...... 0 8*30 

Heart-fat (with membrane). 0 3-90 

Lanas and ■windpipe...... I 0*95 

Blow.. 0 W| 

liver .. 1 10*50 

Pancreas ( w swootto«d M ). 0 1*13 

Tfamos gWd ^ 0 1*10 

Glands afxrat&e throat (“Uirntbrnd”)... 0 1-00 

MUt or spleen .. 0 2-50 

Gall-bladder. 0 0*11 

Bladder ..... ... 0 100 

Headdecih...... 2 600 

Head bones . 1 3*25 

Pdt . 0 8-57 

Wool. 7 8*25 

Poet, hods, &o.. 1 0*68 

Diaphragm (“skirts”).*.. 0 8-87 


1 1-04 1 o 4 
1 7*09 J 


0 124 

0 1*78 
0 0*12 
0 6*44 
0 13*70 
0 8*46 


\ o o* 

' J. A 


0 0*02 
0 0-50 


4 5*05 


Total ofiy 


37 6 02 


0 608 
0 12*68 
1 10*00 
3 1*80 
0 7*79 
0 0*94 


9 4*20 


4 5*05 


SUMMARYENTIRE ANIMAL. 


Total carcass. 

52 1*00 

12 3*15 

10 0*37 

22 3*52 

Total oflhlparts ...... 

37 6*92 

9 4*20 

4 5*05 

13 0*25 

Oonfcntiofstogiflchs ... 

4 13*80 




Oonfcanta of iniaetineef andbile .. 

0 15*90 



• ■ Iti 

Loss by eraporation, ewer in weighing, do. 

3 4*86 

• ••as 

► t ■ a 

til • • 

mm**—*—, rn “ 

Entire animal (lrvo-wm^bt after fasting) ... 

97 10*00 

21 7*85 

Ti 5*43 

35 1277 


Amount and distribution of the fid obtained hy melting and 
expression (lbs., on., and tenths), 


In carcass (including kidney fat) 

Pram caul . 

T _ -j Prom intestines . 

Prom region ofhoart 


14 5 *42 



^Twnimt and distribution of bonos (including ltooft), 
lbs., ou n and tenths. 

• Sr}' M# 

fc *--i5?jrsar:z:::r , »! *§} *«s 

. Total.0 4*91 


; h , 

-* rv^n ^ of Mineral Matter in the Wool oro stated too high, owing to adherent dirt, 






















































































SOME OF THE ANIMALS EEC AND SLAUGHTERED AS HUMAN FOOD. 5S5 

Apfbkdjx—Tajlb VI. Showing the Fresh Weights of tho various Organs and Pifftfl of A I1A LF-KAT 
OLD S HEEP , killed for Analysis, May 8,1849; also tho results of tho Determinations of Dry Matter 

and Ajsh in the same. 


Designation of Porta. 


Diy matter at Hl3°. 


“sssr 


Melted fut» 


Total dry 
matter. 


Minoral nmtlor (uh). 


Proportion of 
whole, nud 
calculated 


Anhc* 

Actual rjklrtilntfd 
nahojj for the 


ruunutuni oalin- (itr tho 

ttSfia »gs 

fur hunting. ” 


Flesh and fat 

Half-carcass .. ■ Kidney fat 
Bonos .... . 


11m. oc. 

36 7*87 
3 10*20 


Totals of half-carcass operated on . 38 8*07 

Other half-carcase (dry, Ac., eulculatod). 88 3*07 


CARCASS. 

lba. ua. I 

6 ;H)i 

0*47 \ 

3 3*87 [ 

~ 7 0*76 

7 0-78 


11 in. ox, 

6 11*69 
1 1 0*30 


Whole carcass.... 8® 4*14 14 13*60 14 7*68 


ORGANS OR PARTS CONSTITUTING “OPFAU" 



11lN, OX, 


OX 

9 

10 14 00 

l 

ff 

iimkm 

0 

3 3-94 [ 

iV 

A 

0*18H 
706i 

9 

14 3*51 

* 

* 

9 

14 3*61 


1 ^ 1 

8 : 

38 6*08 

1 « 

», 11 


Stomachs (washed) . 8 13*76 

Gaol-fat and membrane . 8 1*60 

Small intestines. 1 0*80 

Largo intestines,,.. 1 8*00 

Intestinal fat and membrane . ... 3 5*60 


Heart and aorta 


0 7*36 


1 Hoort-fet and momWio.. ... 0 8*00 

| Lungs and windpipe. 1 |-40 

£ 1 n*oo 

Pancreas (“Hwwtbmid”). 1 

Thymus gland (‘'lioartbroad”) . [ 0 3*58|| 

Glands about the throat (“ tbroulbraul ”) ... ) 

Hilt or sploon . 0 3*06 

Hoad flush. 8UN4 

Howl bones . J 

Wool.,... 8 10*50 

Poet, booft^ Ao.... L 

Diaphragm (‘•skirts*’).*. 0 8*00 

Total oflhl . 37 1*70 


0 7*78 
0 0*08 

0 0*33 

0 1*3(1 

0 1*61 
0 0*93 
0 4*43 
0 11*31 
0 0*33 

0 0*611| 

0 0 80 

0 7*64 
l 1*80 
0 16*37 
3 4*60 
0 6*00 
0 3*38 

TlmT 


3 8*60 


M 0*01 


ox, Dm. or. 

0 608 0 3 84 

0 001 I) 0*01 

.1*181 » 16*76 

1 3 00 

1 2*01 

2 6*31 


3*113 0*139 0 0*32 

0*360 0*044t 0 0*1 It 

2*633 0*093 0 0*33 


0*006 
0*374 
1 773 
8*303 
3 689 


0*026 0 0 00 

$ ii 
0*083 0 0*80 

0*184 0 0*01 


ft 2 639 0*124 0 0*31 

ft 0*201|| 0*0t4|| 0 0*0311 

& 0*318 0*0111 0 IM© 


A 3*016 
ft l-7«o 
ft H48 
A MM 
A 0*840 
ft MU 


a 8*60 14 0*01 


0*182 0 IKil 

0 HOD 0 8*08 

0*870 0 IHB 

0-8I0Y If .1*1011 

0*1116 0 1*10 

0*084 0 0*09 

J— V,* *- _ »►--*. un 

.... t 0*13 



TotalisuKtfM ....... 

60 4*14 1 
37 1-78 

7 9*36 

1 14*90 

9 2*85 

Tfttft.1 « r oflhP* mrtfl . .. 

fVmt/tntA rtf fttmViafthfl .... 

flontonta ofinlMinsfl ... 

Loss by evaporation, error in weighting, fto. 

Entire animal (live-weight after fating) .,. 

106 VQO 


SUMMARYENTIRE ANIMAT* 


14 10*60 
8 14*41 


0 6*31 
1 0*10 


Amount and distribution of tho fat obtainad by molting and 
expression (lbs., ora., and tenths). 


In carcass(includingkidney-fat)......... 13 7*68 

f From caul.,. 2 8*66“ 

Prom intesthioa ... 2 V80 « S , B() 

fc 10 ™-' Prom region of heart ... 0 0*68 8 80W 

' ^ hPfpto rerashalrgparts... 4 0 8*40J 



* Including fwtand hofift, 
| With pelt.' 


t„ l(nMnBm / First Jiftlf (by experiment),,, 2 10*801 K *, d » 
Intiaraws l^uahalf^Saloulatlon) 2 10*80/ 8 848 

Head .:..... 1 930 

In offal... * Foot and lioofs (with pelt, notwoighed 1 

separately) ^ J-■ 

total.. 7 0*70 


f Including intestinal and heari-fbt, and their membranes, 
| With «wl-&t*membran«. 


y It is donbtM Whether these amounts w£tf to thePanweraThynnuGloi^ and Glands about the Throat collectively, or to 
the Pancreas alone. ' v ' * * ‘ , - l * Vl ' 5 r ? * * * f , .* 

«f The amounts of Mineral Matter in.the Wool aire stated tobhigh, curing to adherent dirt. 
































































686 ME. J. B. hkwm AND DB. J. H. GILBEBT ON THE COMPOSITION OF 

Airaron.—Tuna TO Showing the Fwah‘Weight. of the Yarioue Organs and Puts of A FAT OTTBE^ 
killfid for Analysis, May 7,1849 5 alflo tlie results of the Determinations of Dry Matter and M in tlie 

same. 


Pcdgn>tton of Part*. 


Dry natter rt Sl>°.__ 

Original freih Melted fc*. ^££7 

weight*. I 


Mineral matter ( Mb). 

Pioportion of Asbn 

»* Aetna! calenlated 

jSSTfi. MhM 1 ft 0 ? 

V&SaV obtained, whole dry 
mactm taken nutter*, 

for burning. 


CARCASS. 



Totals of half-carcass operated on . 

Other hslf-oaroass (dry, &0., oaloulaled)... 


Whole carcass 


lbt. 

Ole 

Iba. 

1 4 

OJ, 

1*49 

Iba. 

19 

01. 

4*00 

88 

1*00 

0 

0*61 

. 

• n 


0 

1*17 

8 

0*06 

8 

4*00 

A 8 

6*80 



80 

6*00 

0 

0*87 

15 

6*26 

86 

1800 

6 

10*64 

15 

8*81 

78 

1*00 


30 

18*47 


44 1*48 


ORGANS OR PARTS CONSTITUTING “ OFPAL." 



Stomachs (washed) . 

Oaol-fai and membrane 
Small intestines... 


Intestinal fel and membrane 

Heart and aorta.. 

Heart-fat and membrane. 


Blood...*.. 

Lrror .. 

pancreas (“ sweetbread ")••...... 

OSiymtifl ftland O'heartbroad'^ . 

( Hands shout the throat ("tiuoalhroad”) 
Kilt or spleen ... 


Head flesh. 

Head bones . 

PeUf.. 

Wool. 

Pert, hoofls &a. . 

Diaphragm (“ skirls ”) 


Total offid 


8 

8*50 

0 

6*93 

6 

9*00 

0 

1*84 

1 

2 

5*80 

5*50 

}° 

5*90 

3 

9*50 

0 

1*57 

0 

8*70 

0 

1*80 

0 

8*00 

0 

0*48 

1 

0*30 

0 

4*88 

4 

8*80 

0 

13*08 

1 

1480 

0 

9*30 

) # 

8*4011 

0 

0*5111 

J o 

8*33 

0 

0*78 

8 

10*80 

0 

0*19 

1 

3*80 

0 

13*48 

7 

0-60* 

1 

11*87 

8 

1*90 

3 

13*10 


J 

0 

6*00 

0 

6*80 

0 

1*71 

45 

6*63 

10 

8*50 


10 8*00 


SUMMARY:—ENTIRE ANIMAL 




HU 

0*100 

0*088 

£•808 

8*740 

0*8051| 

0*400 


4 8*446 

£ 1*341 

$ 11*148 
* 6*110 
A, 0*600 

1*087 


0*040 

oW 

0*980 


80 5*50 


Total carcass.... 

Total “offld” parts . 

Contents of stomachs . 

Contents of intartmee .. 

Low by mporafcian, error m weighing, da 


Entire animal (lire-wnght after fasting) 


78 1*00 
45 6*53 
4 15*50 
8 11*10 
1 0*87 



18 4*01 
10 8*50 


80 18*47 
10 8*00 


88 7-51 


Amount and. dirtribtt&ian of the flit obtained by melting and 
expression (lbo, oak, and tenths). 


In oaroass (inducting kidney fet)..... 80 18*47 

Prom oool ... 6 15*80" 

T . Prom intestates «....... 8 15*70 ia o.m 

In ofibl.. j'romj.^ion of heart... 0 0*00 10 8W 

, l Prom remaining parts... 1 8*50 J 1 ■ ■ 

Total... 40 15*47 


1 0*87 


8 8*88 
1 0*87 


3 0*10 


Amount and distribution of bones 
(lbs., oss., and tomtits). 


r». Mumua J ^irst half (by experiment)... 3 4*001 a 8tfl8 
1 Setxmdlialffaw^^ 3 4*68) 8 8W 

'Head..... 1 8*80 

InotSbl...' Pact and hooft (*ffifJi poll* not weighed 1 ...... 

separately) j - 

Total... 7 18*49 



ftrta ndjm oft. + Including ash of intestinal and hoart-frt, end their membranes. 

| Wlthoaul-&t 

thrte amounta rates to the Pancreas, Thymus Gland, and Glands shoot the Throat oofleetfyoty, or to 


WPWJVvTT 

ft ; 111 (ii »’■■. i H It 


the ‘Wool are stated too high, ewing to adherent dirt. 

4 1 






































































































SOME OF THE ANIMALS EED AND 8LATOHTEBED AS HUMAN EOOD. 587 

Apkendix.— T ABija VUI. Showing the Ereah Weights of the various Organa and Earls of AN BXTRA- 
EAT SHEEP *, killed for Analysis, Deoemher 13,1848 5 also tho results of tho Determinations 0 ry 

Matter and Ash in the some. 


r 


Dougnation of Parts. 


Original ftwh, 

weights 


Dry matter it 313°. 

Mineral matter (a»U). 

Exclusive of 
molted fat* 

Melted fat 

Total dry 
matter. 

Proportion of 
whole* tml 
odcuUted 
weights, of dry 
matters taken 
for burning. 

Actual 

mluM 

obtained. 

Ante* 
calculated 
Atf the 
whole ilry 
matter*. 


OARCm 


( Flesh and fitt .1 

Half-carcase ... ■ Fat-membrane .V 

(Bones .J 

Um. oi. 

70 1000 

Totals of half-carcass operated on . 

Other holf-onroosB (dry, to, calculated). 

70 10*00 
79 10*00 

Whole carcass. 

150 4*00 


11m. oi* 


f 7 7*30 1 
\ 2 0-1)4 » 
[ 4 8-00. 


13 11*30 
13 11*30 


37 6*78 


Urn. «». 

if 1 ■« 

30 0*10 


30 0*10 
30 0*10 


70 *20 


11m. oi, 

S3 


\ 4*40 - 

*<• 1*1 ^ 


53 4*40 
53 4-10 


100 m 


0 

I 

* 


01 

n* 

Um, 

44*700 

1*220 

0 

12*330 

0*332 

0 

25*158 

11*000 

1 

* i • ■ 

* * i • 

2 

ii •«• 

■ *» i 

2 



4 

• tin 




4 0*02 


ORGANS OS PASTS CONSTITUTING* 4 ‘ OFFAL.” 


Stomachs (washed) . 

Caul-fat arid membrane .. 

Small intestinoe (' washed)..... 

Largo intestines (washed). 

Intestinal iht and membrane 


Heart and aorta. 

Heart-fat and membrane., 

Lungs and windpipe. 

Blood. 

Liver, with milt. 

Pancreas (" owoetbroud M ). 
Thymus gland ("lioorLbmul ”) 
Glands abou " 


>ut tiio throat ("tliroatbrwwl”).. 


Hood flesh.. 

Head bones ... 

Pelt. 

Wool.... 

Feet and hooft, to .. 


Total offid 




4 2*30 I 
24 fl-OOt 
1 14-70 
1 3*00 

i 

0 13*00 
O 0*50 
1 14*00 
10 4*00 
3 0*20 


0 5*7001 


} 


A 10*00 
2 0*50 

25 8*00 


[ 6 0*64 
(2 4*84) 


80 1*80 


1 0*00 
3 13*48 
7 15*78 
0 11*40 


19 10*26 


24 1*00 


24 1*00 


\ 



SKI 1*04 

A 

(A) 

10*120 

(0*007) 

' 

' 1 6-00 

8 13*46 

7 lff‘70 

0 11*40 

| 

4*125 

11*323 

mm 

2*138 

'“iPo5a~ 

■ i \ 



0*008 

(0*278) 


2-3)0 

0*380 


0-815 


O 3*721 
(O 1*48)1 


0 12-32 
0 2«0 
|1 8*80 
O 8*75 


2 14*07 


SUMMARY I'-'SNTXSS ANIMAL. 


Total carcase........ 

Total " offul ” parts ... 

Contents of stomachs ..... 

Contents of intestines ... 

Lorn by evaporation, error in weighing, to 


Entire anhnal (live-weight after dieting) ... 


159 4*00 

27 0-78 

70 £ 

80 1*80 

10 15*26 

24 1 

10 8*00 

HUM J 

#r*v, 

2 0*40 

MtlH 

Mill 

0 0*80 


1*1*1 

202*155" 

tr s? ir™isr' 

47 6*04 

loPi 


100 8-08 
44 0*26 


150 0-24 

*-*- -v yffl - rj-y x- 


Ml 
lit 
■ M 
Ml 


4 6*fl2i 


i'll! 


ttiff ■ 
hvr w hifWwi lM , 




2 14 * 07 ! 


7 5*20 




Amount end distribution of tiro fid: obtained by molting and weproenion (lbs., o*h., and tenths). 


In oarcoss (including kidney-fat). 70 2*20 

(From caul .. Iff 10*00 

In ofibl ..»i From intostinee . 5 15*00 • 24 1*00 

From remaining parls. 2 8*00) -— 

Total.108 8*20 


* This was the flwturf tiw^ animals analysed; and, as 
turn of the-parts was last otofcplefo and systematic, than in the other oases. 

4- TrtfllnrUni* intestinal 
$ 

Pancreas only. 

II 


ton will show, the plan of operation and supan* 
4 With mt-Ut and membrane, 

, or to the 

























































































588 MB. J. B. LAWES AM) DR J. II. GILBERT ON THE COMPOSITION OF 

Agisms —Buna T£. Showing iho Fr«h 'Weighte of the wiou* Organs and Paris of A STORE PIG, 
kaied for Analysis, May 12, I860; also the results of the Detenninations of Dry Matter and Ash jn 

the same. 


Dry matter at 212°* 


Designation of Parts. 


Original fresh 
weights. 


Exclusive of 
molted fat. 


Melted frt 


Total dry 
matter* 


CARCASS. 


'Floeli and fat . 

Kidney,. 

i Skin and diaphragm . 

iBonos . 


Totals of half-oaroase operated on. 

O ther half-cewaaB (dry, &o., cal cula ted) . ... 


Wliolo oarcaas. 


ORGANS OB PARTS CONSTITUTING « OFFAL.” 


1 330 
0 5*53 
9 9-00 
9 5*74 
l 5*77 


Stomsah (washod). 

Oaul-fdl and membrane .... ... ... 

Small Sutodmea fwaalied). 

large interifaioe (rraehod). 

Intestinal "miiageon,” &o.. * «» # 

Heart and aorta .1 0 7*86 

andrrindpip© .| l WO 

9 8*00 
*0 4*05 
0 9*75 


0 0*90 
0 2*80 
0 3*56 
0 8*40 
4 19*54 
1 11*95 
0 10*69 


f 1 3*57 
1 0 1*75 
0 0*57 
0 6*56 



3m& bon66 ■!*•< 

Head-akin and earn . 

Hair . 

Scurf... .. 

Feet and toes. 

Tail and bones... 

(Esophagus and trimmings 


Total oflU 


90 7*87 


0 1*88 
0 3*82 
0 13*21 
0 11*47 
*0 1*09 
0 0*65 

] 0 0*58 

J 0 0*68 
0 1*85 
0 10*56 
0 15*55 
0 3*47 
0 1*76 
0 1*02 

\ 0 10*88 

} 0 0*31 
0 0*04 


5 15*73 


3 710 


SUMMARY-ENTIRE ANIMAL. 


Total caroaaa.... 

Total offld parts ..... 

OontBntaofstcauwba ... 

Contents of inteetmea and bile .. 

Loss by evaporation, amor in weighing, An. 


Entire animal (livB-wedght after fasting) .. 


69 6*44 


19 12*56 


15 1*55 



|| Mineral matter fash) 

Proportion of 
whoio. and 

weights, of dry 
matters taken 
for burning. 

Actual 

ashes 

obtamod. 


Ibs. 

26 

01. 

0*96 

lbs. 

4 

QS< 

1*18 

lbs. 

7 

01* 

OOO 

lbs. 

11 

OS. 

1*18 

0 

282 

0 

064 

, 

1 •« • 

0 

061 

0 

12*97 

0 

1*02 

0 

830 

0 

0*89 


0 

191 


• • 

0 

11)1 

r 

"901 

0 

10*47 

0 

IS • 

0 

10 47 

2 

750 

1 

666 

• i 

1 B 0 

1 

6 66 

81 

1*26 

6 

5 88 

7 

830 

13 

14*18 

31 

5*18 

6 

6*68 

7 

9*25 

13 

15*93 

62 

6*44 

12 

12*50 

15 

1*55 

27 

14*11 


•I 

01 . 

16*205 

0*160 

0*255 

0955 

2617 

5*605 

! fCOCOCj 

1 

l 

V ■ « 

BBS 



Hi 


s • * ■ 


0*254 

0*231 

3*058 

5*831 

1*301 

0*878 

0*240 


27 14*11 

0 6*88 


18 8*65 I 37 4-04 


Atnornt and distribution of the tat obtained by melting and 
expression (lbe., osl, and tenths). 


<#om (including kidney tot) .... 15 1*55 

Ewl . 0 8*851 

.UML ** • » MO 

J,«~5¥ 


Afthm 
ttlculattt 
io t the 
ft hole di] 
muttons. 


lliii* or. 

0 2 61 


0 12*70 
0 12*89 



0065 0 0*17 

0003 0 0*01 

0*152 0 0*40 

0*024 0 0*09 

0*032 0 0 08 

0 023 
0 0*72 
0 062 
*0*000 *0 0-07 
0*013 0 0*03 



0*017 

0*020 

0*175 

3*112 

0*012 

0*011 

0*010 

0*705 

0*013 

0*017 


0 0*03 

0 0*05 
0 010 
0 0*47 
0 830 
0 0*03 
0 0412 
0 04)8 

0 2*82 

0 04)4 
0 0 05 


0 14*44 


In oaroAM 


* the Pancreas, Thymus Gland, and Glands aWi* the Throat ooUeoUrsly, or to 

. -d __ . /-t .i *** 


Finl half flay experiment)... 2 7*501 . 1RlA1 
Second half (by calculation) 9 7*81 f 4 

T*riKM /Hoad ...1 11*951 - 

111 « Ba -l Feet and toes...1 5*89/ UzSl 

Total .... 7 15*88 


1 




































































SOKE OP THE ANIMALS PHD AND SLATTOIITEBBO AS HUMAN POOD. 589 

Appendix.—Table X. Showing the Prosh Woightu of the various Organs autl Parts oi A 3'AT l*IO, 
killed for Analy sis, July 18,1860 j also tho results of tlie Determinations of Dry Matter ami Axh in 

the same. v 


Deaignation of ParU. 


Dry matter at 312°. 

Original fresh ExchwWn of Molted liit. TwW dry 
freights. melted fat. “ mtoa 


Uiuoral mutter (uhIi). 


l»rn|Kjrtton of A»l«*n 

whole, nnjl Aetttul inleiiluteil 

rt7j**SA. luOum for tho 
weight*, «f ury whole dry 

ai.£fa<r» taken meltors. 

for burning. 


CAROABB. 


Half-carcass.. - 

''Flesh and fat . 

Kidney. 

Kidney fat and mombmno 

Flash juice . 

Skin and diaphragm . 

^Bonos. .... ..... . 

lift* OX. 

(3) 1*22 
0 4-50 
3 11*52 

3 2-88 
3 4*21 

llm. 01 , 

7 0-40 

0 102 

0 1*70 

0 0*54 

1 1*00 

2 0*20 

Totals of hidf-carcass operated on .. 

Other Imlf-oaroiw (dry, Ac., calculated). 

70 8*33 
70 0*40 

10 5*01 

10 4*74 

Wholo .. 

140 8*73 

20 10 05 


Hm.««. 

20 lfl-00 


3 0*75 


,12 15-75 
,12 1201 


11m. (ITS, 

,111 15 40 
0 102 
.1 2 45 
0 0-54 

1 HO 

2 020 

43 500 
43 0-78 


IK. 

28-m 

0-251 

0-425 

0130 

4-1JIH 

8*050 


nr. 

oon 


llm. tK. 

0 2 50 


00 11*70 80 0*44 


ORGANS OR PARTS CONSTITUTING “OFPAl*” 


Caul-fat and membrane 


Heart and aorta . ... 
Lungs and windpipo 


Liver ..,.*« « \v77 

Pancreas (" Hwootbrwd "). *0 0*44 

Milt or sploon . 0 403 


Bladder, 
Brains 
Tommie , 


Head-skin and oars 
Ttnle . 

Scurf.. 


Beet and toes. 


1 

3*48 

0 

3*00 \ 

0 

8*95 

0 

0*30 

2 

1 

8*54 

10*74 

1° 

8-02 

4 

1-31 

0 

3-05 

0 

8-80 

0 

1*87 

1 

11*73 

0 

5*04 

0 

13*30 

1 

7*2« 

.1 

0*77 

0 

14*34 

*0 

0*44 

*0 

1*00 

0 

4*113 

0 

0-H5 

0 

0 

0*21 

2*45 

}« 

0*60 

0 

3-31 

0 

0*08 

0 

12*80 

0 

2*00 

7 

1*08 

0 

12*80 

1 

13*50 

1 

2-01 

1 

5*00 

0 

5*12 

« I i 


} 0 

8*54 

ii 

14*47 

2*84 

1 1 

1*80 

0 

HI 

J 0 

(Hi 4 

.j 30 8*08 

7 

lFST" 


7 0*46 14 13*11 


7 0*45 


'] 14 13-11 


SUMMARYENTIRE ANIMAL. 



Total .. 

Total offal part* . 

Contents of stomachs ... 

Contents of intestines and bilo . 

Loss by evaporation, error in woiglungj &o. 


Entire animal (live-weight after fasting) „ 


Amo unt and distribution ofthe fid obtained by melting and 
expression (lbs., oza., and tenths). 


U —. fct)-.....«»M» 

T m From intestines,' ^mudgeou." da 9 8*75 » ju. 

IaoflW ”*’ ^mnaining^Stding*^ ‘ 7 

1 '.^.. ,351554 


80 044 
14 13*11 


0-013 i» O-OR 

0-01*2 0 0 05 

0-027 0 0-11 

0*0(11 0 0 30 

3*10(1 0 12-01 

7 ~ 0 15-77 

0 m-ofl 

”7 1 15-43 


1*403 

0*010 

0*112 

0-(H>6 

3*233 

0*135 

1*145 

0-067 

0-71W1 

04001 

1*880 

0*087 

8*724 

0*455 

5-377 

0-350 

*0-376 

*0-017 * 

0*111 H 

0-018 

0-223 

(1*000 

0*171 

0*01.1 

0*003 

0*040 

4*822 

0*182 

0*754 

3-40H 

1*020 

0*063 

1*326 

0*064 

0*733 

1-403 

0*151 

HUH 

klu J* ■ UM. rfc 

4HI15 

■ i-rir *[' rtf 1~-" •*• m 

II Ml 

« ii ■ *» Jfc. 1—■* * 


1 1*30 



| 72 12*24 

101 3-56 1 . 1 8 0*76 

Amount and distribution of borne (Including to 
j lbs., ate, and tenths. 

In oawass - 

In oflU... - 

L - V 

1 

- t 1 T 

Firsthalf (byexperiment) ... 3 4*21 
Second half (by oriDulation) 8 8*84 

Held,.. ..1 1»'60 

Fete and toe*......2 MM. 

. Total. 

4 

n 8*06 

3,14*81 

ft-fiMrwivww* 

.10 0*60 



* It Isdotcbtfol whether these amounts re&r to the Pancreas, Thymus Gland, and Glands ohout ti® Throat collectively, or tt> 
the Pancreas alone, 

, MDCCOLIX. 4 H 
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592 ON SOME OF ’SEE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD. 

AOTirort.-T^LE HE Showing the Bosults of the individual Dotornnmta of Fal (by oximdion with 
Ether), in the “Crude Dry Substance*" of certain collective portions, and of tlio ontiro bodies, of l 
Animals of different Description, Ago, or condition of Fatness. 

Percentages of Pat remaining in the “ Orudo Dry Substance.” 
Lxporimontl. Experiment 2.|lk}*mmout 3.|E\porimont 4 


l. COLLECTIVE CARCASS PARTS (INOLTJDINQ- POKE). 


• • * ■ • 


OftLf I t * ■ • • ■ « II IIMI M •••••■* 

Half-fat ox ... ....... .. .... ..... . . • ..... * 

Eat ox . 


•(• • • * 


Ifet lflUlb Mlii M Ml.»« <• ■ •** *" 

Storo sfa&op * • •• hmmi ** 

oldshflop i■ i • . •■**• ■ •• •• «•••• 

Iktaheep. 

sheep.« ••••■•»•• •• »«>••• 

Store pig . 

Pat pig.. 


Store pig (bead and feet without tongue and brains) 
Eat pig (head and feet without tongue and brains) . 


15-98 

24- 67 
10-99 

25- 61 
19-34 
27*43 

17- 64 
81-34 

18- 98 
18-70 

18-02 

21-72 


15-84 

23-94 

19-85 

25-93 

19-43 

27-74 

17- 67 
31-16 

19-19 

19-16 

18- 17 
21-65 


n»n 

in > 


in f 

f • t * 


2. COLLECTIVE OFFAL PARTS (INCLUDING- BONE). 


3. WOOLf. 


Fatlamb . 

Stove sheen . 

Half-fotold sheep 

Fat sheep .. 

Extra-fit sheep.... 


8-69 

11-18 

8-95 

14-40 

11-85 


0-28 

8-98 

8-85 


9-70 


11-38 


14-81 

10-38 


4. ENTER! ANIMAL (EXCLUDING- WOOL). 


i i»» 
i*ii 


i in 

«• • ■ 


12-75 

9-84 


Mean. 


15-91 

24-30 

19-92 

35-77 

19-39 

27-59 

17- 60 
31-25 

19-09 

18- 93 

18-09 

21-68 


Ifaf naif , ... Mlll iiiiiiintM 

10-53 

16*31 


■mi 

Half-fit ox . 

13-54 

13-51 

14-22 

13-33 

TTal^ fal aw fnffill fwntM MlM . ... 

15-78 

9-16 

15*31 

8-52 

ii ■ • • 

• • • • > 

M III || 


17-24 

16-19 

17*27 

• 4..0 U 

iTdf Ininh .. 

23-80 

23-80 



dhiwn „ .. .. ..... ..... 

22-38 

22-15 

ii in 

. 

TTaKUai; nm uh/um . ......... .. 

IB-40 

18-27 



tlifum ......... 

20*93 

92-90 

21- 05 

22- 62 

20*76 

«• IM 


15-47 

16-35 


1 1 • « « 


13-41 

13-40 

« • i * f 

« * • * • 


16-42 

13-66 

15- 55 
8-H4 

16- 90 

23-85 

22-27 

18*34 

20-91 

82-70 

15-41 

13-45 


8-99 

11-07 

8-90 

13*97 

10*44 


Fat calf. 

Half-fit ox 
Fat ox . 


Fatlamb ........... 

Store sheen . 

Half-fit old aheep 

Fat aheap. 

Extra-fit aheep.,.., 


Store pig 
Fat pig . 


17- 10 
22-74 
10-10 

25- 70 
10-95 

26- 17 
19*42 
29-42 

18- 18 
19-06 


16-52 

22-79 

10-10 

25-83 

1008 

20-48 

19- 85 

20- 40 

18-08 

18-49 


16-81 

22-77 

18-10 

25-77 

19- 87 

20- 83 
19-30 
90-44 

18-13 

18-78 


# After the remorol of as much. fat aa possible by melting and expronion. 

f The agreement of the separate determinations is not *o good in the oaae of tho wool, ae in that of tho other parte, owing to 

Jfrfrsflhapsttt dirt, which rendered it difltooH; to eeeure erven samples fir analysis. 

/ 














































a -- xtV. Showing the Beenlta of the individual Determinatiom of Nitrogen in the « Crude 

Dry SubBtanoe*” of certain collective portiona, and of the entire bodios, of 10 Animals ol difluront 

Description, Ago, and condition of iFatness. _ 

Porcoutugee of Nitrogen in tho “ Crude Dry Subatanoo.” 
Exporimont 1. Experiment 2 Exporimont 3. Exporimont 4. Mean. 


——pm—————■ i ■^***^— ■ 1 1 " 1 

1. OOLLBOTIVE OABOASS PAETS (EXCLUDING- BONE). 


Eatoalf. 

Half-fat ox . 

Eat ox . ......*. 

Eat ax (with bonaa). 

Eat lamb... 

Store sheep .... . 

Half-fat old aheep . 

Eat Sheep... 

Extra-fat alieep... 

Store pig (with boms)... 

Eat pig (with bones) . 

Store pig (head and foot without tongue and brnina) 
Fat pig (head and feet without tongue and brants).. 


Pot calf. 

Half-fat ox ..., 
Eatox . 

Eat lamb . 

Store sheep ..... 
Half-fab old dux 

Eat sheep. 

Extra-fut Bhoop. 



Eatcalf. 

ttd&fetox . 

Eatox ... 

Eat lamfe .. 

Store Sheep „. 

Half-fat old sheep , 
Eat aheap.. 


* After tihe remoyal of ae muoh fat aa possible by malting attd expression. 

f The agreement ot the separate determinations is not so good, in the case of the wool) ns In that of tho other parts, owing to 
toe adherent dirt, which rendered it difficult to secure even samples for analyiifl. 

. $ In these oases a second set ofdeterminationi was made as a check, scone months after the first, fthd with different mgctota. 
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A wwvtvtt — T .dt.t? _vV . Showing tho Actual WoiglilH (llw. and oah.) of llio 


Oalyoe. 


Heifers. 


lhdloekri. 


No. 1. I No. 2 I No. 1. No. a I No. 1. No. 2. No. i*. No. *1. No. A 


Decollation of Parts 


Durham 

brood, 

(analyitod 


nr.i i Welsh; 
WoInh, y 0ar 


1°3 ' as Jab) j!™ 1 }’ threevoarJ Mixed 

miNMM laIam froni SVL old j fotoly breed; 

dam food-o.lW killed 
W, ingon Aug. 2, 

A ?L^ gw»; tym 3 * Aug. IK), 1W1). 


Mixed 
breed, 
hint'd 
Aug, 1), 
IH49. 


Slomaohfl. 

Contents or etomaohs and fomil 

Cool-fab .. 

Small inlcsHnoa and content*. 

Largo intestines and contents .. 
Intestinal ltd . 


lbe. os. 

4 0 

3 14 
2 11 

4 8 
3 9*5 
1 9 


Heart and aorta. 

Heart-fid. 

Lungs and windpipe. 

Blood ......... 

lifer...... 

Gafl-Waddar and contents... 

Pancreas (“sweetbread”) . 

Thymus gland (“heartbread"). 

Glands about the throat (“ throatbread”) 
Milt or spleen. 


Bladder, with penis, or womb 


Heed and tongue 
Hide and horns . 
Pee*, hooft, da. . 


Diaphragm (“skirts”) , 
MiaoaillaPSotiB trinacange 


Total “oftl" parts. 
Oanam... 


Loss by evaporation, error in weighing, < 


lafe-wea^d after fiusdng . 


,7J 


81 4 
155 14 
5 10 


Sopt. 12, 
1840. 

lbe. os. 

a in 

8 3 


3 4 
10 0 


0 45 
0 11*5 
0 0 
0 14 

0 4*5 

115 12 

J 17 0 
e 9 


a lt’6 9 4 
4 8 30 0 

1 7*5 4 3 

0 6*8 2 0 

3 5*5 5 7 

13 8*8 32 4 

4 3*5 13 12 


12*7 
7*5 

7*81 37 7 



Welsh, 
hortHHl; 
four 
yours 
old*, 
hilled 
Aug. 10, 
1810. 


be. os. lbe. us. lie. os. 

2 13 38 0 .31 0 

8 3 51 0 90 8 

2 7*5 31 11 14 13 

6 8 13 0 17 8 

2 11*5 9 4 IK 0 

4 8 30 0 16 0 

I 7*5 4 3 3 13 

0 6*8 2 0 1 12 

3 5*5 5 7 7 6 

13 8*8 32 4 29 4 

4 3*5 13 12 12 2 

* 0 10 0 11*5 

* * " 0 14 

0 9*5 
0 6*5 
10 

0 7*2 9 12f 16 

II 11 SO 4{ ^ “ 

17 12*5 64 12 67 0 

46 13 12 15 8 

0 5*2 0 8 1 1*5 

1 1*5 4 12 4 7 


lbs. os. 
40 8 
157 14 
18 7 
24 10 
18 0 
17 4 

6 4 

1 14 
12 8 
48 0 


llw. tvs, Ur os. 
37 2 38 8 

83 11 81 2 


15 H 
19 0 
21 12 
15 U 


It 9 
18 2 
12 10 
12 12 


Heoleh, 
long- 
horned ; 

four Jenin 
oltl; 

gross-red { 
killed 
Aug. .30, 
1H III. 


Ur os. 
.3(1 0 
99 0 
21 9 
20 10 
10 (I 
17 « 


Iff 3 li 4 
0 6 0 3 


4 14*5 
1 14*5 

0 0 7 2*5 11 4 

46 8 35 13*5 49 0 

11 4 10 5 1(1 11 

0 3 0 15 1 1*6 

1 2*5 0 12 



22 

8 

1 

8 

5 

M* 

19 

■ It 

510 

4*5 

605 

8 

27 

11*5 

1912 

8 


0 8 
0 8 
26 li 
69 8 
18 7 
0 14 




0 

11*8 

24 

7*5 

73 

7 

17 

10*5 

0 

13 

1 

10 

2 

5*5 

884 

7*8 

627 

4 



Dutch; 
ltd el v 
gneewod 
in 

Norfolk; 

killed 
Aug. 33, 
IH40. 


Um. os. 
38 8 
70 8 
10 0 
10 8 
13 13 
21 1 

6 8 
1 U 
11 12 
41 8 
1.3 10 

1 14 
0 14 
1 0 
0 11 

2 0 

0 8 
0 10 
35 2 
81 0 
20 12 
1 4 
1 14*5 
3 12 


418 14*5 
, 718 13 
28 0*5 36 4*5 


249 19 258 12 | 891 19 ] 816 0|1219 8 964 1 881 11*8 1108 0 1160 0 


* With bladder. 


t Including call 
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individual Organs, and other separated Part®, of Calves, Hbipebs, and Bullocks. 


Bulloch. 


Mmim of 


No. 6. I No. 7. I No. ^ No. 9. I No. 10. No. 11. No. 12. No. IA No. 14. 


j. Durham, 1 

Bpotoh, ahort- 

iong- liomod * 

horned. Welsh, Mixed 

four yoara fire years brood; f 
old, old, killed 

*5-5*4* MUed SouiSO, 

Med SeptlS, 1849. 


lbs. os. 

lbfl. OB. 

lba. os. 

lba. ok. 

34 0 

31 11 

36 0 

41 12 

117 12 

104 7 

iai 

92 0 

13 10 

22 9*5 

ifi 

24 8*5 

19 0 

20 0 

■TMil 

20 4 

22 4 

16 2 

11 7 

8 5 

10 12 

21 14 

27 0 

27 14 

5 13 

4 13 

6 10 

5 14*5 

1 9 

3 5 

3 14 

2 14*6 

9 19 

8 1 

8 3 

9 0 

44 10 

49 8 

56 6 

57 6 

13 12 

13 2 

15 0 

17 11 

0 13*5 

1 7 

1 6 

1 1*8 

0 13*5 

0 19*5 

0 15 

1 3 

0 13 

0 8 

0 0 

0 8 

0 7*5 

0 2 


0 7*2 

113 

1 14 

2 9 

1 13*8 


Inoli, 

lately 

groBS*ied 

in 

Loieeetor- 
Bhire; 
killed 
Sept. 27, 
1849. 


lfae os. 
30 40 


\fvrwl I Scotch ; 

K 'At’ 

“i Si 

%,?’ Oot 30, 
1840. 1849i 


„ ,, Dovon: 

Scotch; working 

US lull Will') 4W1 

. throe to jiS two 

four year* rulvea * 

I*’ W 


j 


be. 02 . Hie. 02 . 
33 4 38 0 

00 9 5 84 4 


llie. 02 . 11m. ox. 

38 8 32 1 


100 1 


lb*. 02 . 
58 8 
50 8 


0 7 
0 10*5 


0 8 
0 12*5 
27 0 
84 $ 
17 14 
1 1 
6 12 
1 8 


0 9 
Oil 
28 6 
91 8 
21 18 

1 3 
5 8 

2 3 


17 0*6 
11 15*5 

19 10 

5 3 
3 14 
10 0 
42 3*5 
13 12 
0 15 
1 1 
0 9*5 
0 4*8 
2 1*5 

0 15 
0 12*2 
80 11 
80 4 

20 9 

1 0 


35 0 
18 15*5 
14 10 
39 0 j 

8 1*5 
4 7 
H 11*5 
45 5 


0 14*5 
1 5 

O'M 
I 8*5 

1 3*5 
0 11*8 
29 10 


29 13 
8 11*7 
5 25 
38 11 


18 9*5 53 0 

H 5 14 15 

8 0 7 n 

19 11*5 79 0 


5 13*5 


7 5 

8 8 
8 14*5 

53 11*81 54 5 


17 10 
0 13 
0 16*5 

0 m 

0 8*5 

2 4 


15 n 
1 0 

1 0 

0 10*3 
0 8*3 

2 2*3 


8 3 
8 11 
12 8 
51 7 
SO 2 
1 8 
S 10 
1 11 
0 8 


Tho Tim 
two fourteen 

hoifere. bullock*. 


the. 02. 

3 8*5 

8 05 
2 9*2 
5 5*5 
3 4 

2 14 

I 7*7 

9 H*5 

3 4*8 

II 12*5 

4 2*8 

0 3 


439 14*5 452 13 
630 0 693 12 

15 1*5 15 7 


85 

■ 

1162 0 

1206 0 

1112 



1 10*7 011*5 1 5 

0 14 0 14*2 0 8 

43 7 39 0 40 8 

80 3*8 79 15*4 113 4 

22 7*7 20 2 25 0 

1 7*5 

7 9 

9 0* 


0 2 25 0 

1 12*1 1 
5 11*5 18 0 

8 8*2 8 11 


0 C 

113 9*5 I 

J 17 6*2 
5 7-5 
(1 5*2 
1 1*5 


I If-* m.rrW—X+< I L- #***.M*H 


485 14*2 485 9*5 688 12 
939 8 797 11 1025 12 
13 11*8 8 11*5 37 8 


85 4*9 



11m. 0 x 
32 0 
70 12 
23 4 
15 4 
12 2 
28 3 

4 0 

1 H 

8 6*5 
39 12 
12 16 

9 10*8 
0 13 

0 9*2 
0 6*7 
1 4 

5 96 

9 6 


14 10 
0 12*8 
4 9*6 
4 6 

— « f* r » ‘ 

356 7*6 
474 10 
22 12*6 


'flu* 

miccii 
1 infer* 
anti 

bullock* 



1 06 
1 1*8 
Oil 
0 8*6 
1 15*3 

0 16*7 
012*1 
32 06 
87 4*3 
20 18 
1 1*3 


11 HI. IV- I 
35 13*9 
113 15* 
23 211 
18 13*9 
13 3*3 
26 3*1 

£ 

5 10*8, 
3 iTH j 
9 Mi 
45 19*81 
U 153 
0 15*7 J 
1 1 
0 10*7 


853 14 lllttl 1*5 



J With hide, 


| In one oaso Womb with Colt 
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OF 


Appekbee.—Taulh XVI 1. Showing 11k» Art uni Weight* 
Okas n.~20 Wether Sheep of QotsmU Breed, about 1 * year old, in moderutvig Kill eomlilion. 



Designation of Parts 

Tho 6 giving the lorgeet amount of 
Increase during ftittonuig. 



No. 1. 

No. a. 

No. 3. 

No. 4. 

No fi 

Original weight. 

Final weight, unfeated (moloding shorn wool). 
Foul weight, fasted (including shorn wool). 

Lbs OB. 

112 0 
m 0 
m o 

Lba os. 

127 0 
307 1 

196 1 

be. os 

LOB 0 

185 0 ! 
L7B 0 ! 

[In. os 

110 O 
322 12 
308 12 

lw. 0/ 
119 0 
loi a 
182 2 

/flfAmililllR .... 

fi i 

4 12-5 

4 ft 

5 14 

4 5 


r!nnfonffl nf d/mifl/'Vwi .. 

8 11*6 

10 15*5 

7 15 

0 1 

9 8 


Small tuid contents. 

7 8 

3 1 

5 G 

8 7 

4 9 

3 10 

8 3 

3 10-5 

0 0-5 
3 11 

a 

J 

Tjimva infwuH.inAfl ivnii rtrtivl/fnifl.. 

3 5-5 

3 7 

2 2-5 

3 C-fi 

4 2-5 

j 

Intffltmul ItMMMKIMtllM .. 

1 14 

2 7 

2 13 

2 2 

2 0 

0 

3 

1 

irAiiHi nnd nnrb .. ..... .... 

0 11*3 

0 12-3 

0 11’ 

0 12 

O 11-5 

n&ari-M .. ...... i .. m... 

0 C 

0 7-3 

0 4-6 

0 11-5 

0 8 

* 

J9 ' 

Loim find windmitt •... 

1 8*5 

2 2-b 

2 0 

2 3 

1 12-5 

Blooil . f . 

7 H 

7 12-5 

0 10-5 

8 10 

7 4-5 

1 

XiTDTlIMMM ... .. 

8 5-5 

3 4 

2 13 

3 15 

3 1 

& 

Gall-bladder and ooutonis. 

{ ir iwoaibmd.... 

0 1*0 
0 2*5 

0 2-2 
0 4*3 

0 1-1 
0 3 

0 2-2 
0 3-5 

0 3 

0 4 

1 

jlfxlt 07 Bpl06U i ••••« it t •••Mi * * • ■ 

0 4*5 

0 5 

0 3-8 

0 5-8 

0 5-5 

a 

Bladder... .. .. 

0 1 

0 0-8 

0 0-7 

0 0-8 

0 1 


Head.. 

4 9 

5 4 

4 13 

5 5 

fi 0 

j 

Sinn (with fflflt . 

14 0 

15 8 

14 0 

11 6 

13 4 


k Wool previously shorn . 

10 0 

11 1 

8 0 

8 12 

9 2 

** tmuKs . .. 

72 8*7 

77 6-0 

65 7-1 

77 14-8 

~n 0 

Quean ... 

Loss by evaporation, error in weighing, &a 

115 1*5 
0 7-8 

117 14 

0 12-1 

110 6 

2 2*9 

131 6-8 
-0 0-3 

109 14-5 
0 3-5 

Live-weight after ftuting. 

188 0 

190 l 

178 0 

208 "liT 

isn 


Tlio fi gitniflllK* Kmitllnl amount «f 
liu'w'ftso during 141 toning. 


No. (1 

No 

7 

No. 8. 

No. 9. 

No. 

10. 

ilw. (U 

In ox 

IN. <M 1 

1m. O A. 

[llM. (Me. 

128 

0 

100 

0 

133 

0 

120 

0 1129 

0 

177 

9 

155 

12 

170 

0 

100 

8 

100 

8 

106 

2 

18 12 

108 

9 

lfil 

8 

102 

8 

*4 

9 

fi 

3 

1 

» 

1 

0 

1 

0 

7 

0 

0 

0 

7 

7 

7 

5 

8 

0 

H 

1 

0 

0 

fi 

9 

4 

9 

7 11 

3 

0 

3 

4 

1 

3 

3 

2 

13 

2 12 

2 

1 

3 

3 

2 

a 

0 

.1 U-fi 

2 

l 

1 

4*5 

l 

12-5 

l 

10 

l 

U 

O 

0 

O 10-8 

O 

11 

0 

H-fi 

0 

9 

<1 

8 

0 

J'fi 

0 

1 

0 

1-7 

0 

2 

1 

0-5 

1 

12 

l 

9 

1 

7 

1 

8 

0 

9 

8 

1*5 

7 

11*5 

0 

0-5 

0 13 

9 10-3 

2 13 

3 

2 

2 

9 

2 

9 

0 

1-0 

0 

0-2 

0 

2-3 

0 

1-2 

9 

1-4 

0 

3-fl 

0 

3-fi 

0 

3-fi 

0 

3-fi 

0 

3-fi 

0 

4 

0 

fi 

0 

0 

0 

3-7 

0 

i 

0 

0-6 

0 

W 

0 

0-0 

0 

0 8 

0 

08 

4 

13 

4 

13-6 

fi 

0 

4 

0 

4 

7 

12 

8 

14 

0 

13 

8 

12 

4 

12 

0 

9 

2 

8 

12 

11 

9 

8 

8 

8 

8 

05 

60 

09 

0-7 

09 

7-4 

59 

0-9 

05 

5-2 

101 

0-5 

78 

0 

98 

4-6 

91 

14-8 

95 

5-2 

-0 

4-J 

0 

10-3 

0 13-1 

0 

2-3 

l 

13-0 

1> 

2 

148 12 

108 

mm m. 

9 

161 8 

jlfld 8 


« For particulars of Urn feeding experiment, too article on. (he " Comparative Fatte ning QtuUlioe o 





















SOME OF THE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD, 509 


(lba. and ozs.) of the individual Organa, and other separated Parts, of SHEEP. 

Fattening food—Oilcake, Clover Ohafi; and Swedish Turnips*. Killed at Rolhamstod, April 10,1852. 


The 10 giving tho Medium nmount of Increase during FbUoning. 


No. ir. 

No. 12. 

No. 13. 

No. 14. 

No. 1ft. 

No. 16. 

No. 17. 

No. 18. 

No. 19. 

lbs on 

11m. OK. 

lbs. oz. 


lbs, oe 

lb«, oz. 

■ 

11m or. 


108 O 


n 

119 

rm\ 

116 0 

123 0 

128 0 

TTmTm 

mmm\ 

10H O 

\mmm 

TTb 

8 

185 

i 

181 13 

188 11 

103 1 

184 8 

168 2 

168 13 

104 3 

180 

8 


i 

173 13 

180 11 

181) 1 

173 8 

161 2 

162 13 

4 5 

4 

6 

4 13 

4 5 

4 13 

4 14 

4 12 

4 4 

4 9*5 

7 3 

8 

7 

8 13 

8 14 

7 7 

8 11 

8 4 

5 10 

8 4*5 

7 4 

8 11 

7 12*5 

0 3 

8 8 


7 5 

7 0 

5 11*5 

2 14*5 

3 

7 

4 

0 

3 3 

3 7*5 

3 6 

8 4 

2 9*5 

a a 

4 0 


3 13 

3 l 

3 15 

3 2*5 

a I 

2 10 

a 12 

2 5 


1 

8 

2 a 

1 10 

2 » 

1 7 

1 12*5 

1 10 

0 10 

0 10 

0 10*5 


0 10*9 

0 9*5 

0 10*5 

0 10 

0 11 

0 4 

HI 

HI 

0 

6 

0 0*5 

0 4 

O 0*5 

0 4*5 

0 H 

0 >1 

1 15*5 

3 

1*5 

2 

6 

1 13 

2 3 

2 5 

) 15*5 

1 15 

1 13 

0 8*5 

7 

» 

7 

0*5 

7 4 


7 14 

7 1 

6 3 

H 0*5 

3 0 

3 

0 

3 

2*5 

3 2 

3 0 

a 0 

3 3 

2 10 

J) fi 

0 1*0 

m 

1 

0 

1*3 

0 1*5 

O 2 

ISii 

■KO 

0 1*8 

0 0*8 

0 3*5 

il 

3*2 

0 

4 


0 3*6 


0 8*2 

0 3*5 

0 3 

0 4*5 

i 

4*5 

0 

4*7 

Bny| 

0 4*3 

0 3*8 

0 4*2 

0 4*0 


0 0*0 

0 

0*8 

0 

0*5 

IB?] 



0 0*7 

0 0*7 

HR 

4 10 

4 

8*5 

5 

a 

4 8 


ft S 

4 14 

4 IB'ft 

mmm 

IS 8 

13 

8 

18 

0 

11 8 

18 O 

18 8 

13 0 

11 8 


7 3 

9 

8 

10 

l 

8 13 

8 11 


9 8 

8 2 

8 13 

65 4*0 

73 

5*5 

78 

2*5 

09 11*2 

IBS 

75 2 

09 8*1 

00 12*1 

70 13*5 

08 7*5 

106 

9 

104 

4 

105 5*5 

nmii 

104 11*5 

mmm 

98 14*5 

91 14*7 

\i mm 

0 

9*5 

-1 

58 

-1 3*7 


0 3*5 

1 14*4 

1 7*4 

0 0*8 

164 8 

180 

T~ 

176 

' 1 

17818" 

180 11 

180 1 

173 8 

161 a 

16918 

mj. ml 


No. 20. 


'Dio 
0 of 
Inrgiwt 
JnoponHo. 


112 0 
172 5 
101 5 

TT 

6* 3 
5 14 
3 5 
2 15 
1 11 


bo. ox. 
22 0*4 
1201 15*8 
IDO D-4 

4U7 
0 4-4 
6 05 
0 IH 
0 4*8 
2 5*2 


0 10 
0 5*7 
3 0 
7 4 
a a 
0 J-5 
o 4 
o 5 



Moniw of 


Iw. on. 
123 12*8 
167 4*0 
150 7*8 


O 110 
0 7*4 
1 14*0 
7 HR 

3 1*5 
<1 2*1 
0 3*5 
0 4*0 

O 0*0 

4 15*8 

14 8*0 
0 0*2 

-* -i»»M h. a 

15 0-7 

no u*o 

0 0*8 


100 9*4 


Tim 
ft of 
ftninJlrtd 
lnuronw). 


TJh> 

to or 

Medium 

jTiierwiHO. 


ba. ms. 

11(1 K 
180 0*1 
171 0*5 


4 4*8 
7 4*9 
0 (HI 
3 3*3 

3 2*5 
1 11*0 

0 9*7 
O 4*0 

1 IH 
7 0*7 

2 123 
0 1-4 
0 3*5 
0 4*5 

0 0*8 

4 JM 
12 134 

0 4*« 

03 12*8 
82 15*8 
0 11*9 

ibTTs 


8*7 
123 
0 5 
4*3 
114 


I li» 

O 103 
O 5*8 
3 07 
7 3*2 
3 2*1 
« 1*5 
0 8*4 
6 47 


0 

4 

13 

0 


07 

)3*t) 

0 

0*1 


101 

0 


9*3 
0*4 

171' 0 *5 


ti»« 

20 

Ool-rt* 

woldH 

|1)H OX. 
110 12*8 
182 13*1 

173 n r. 
T~«*a 

H 0*3 
7 0 
3 5*2 
3 5*2 
1 15 7 

0 10*5 
0 5*0 
I U-3 
7 3*0 

3 1*3 
0 1*« 
(I 3*4 
O 4*7 

O 0*7 

4 m 
13 4*3 

9 2*7 

00 1*8 
103 4*4 
0 8*5 

Mftl >- «. >V 

173 3*5 


different Breed* of Sheep,” Journal of the Boyal igrioultural Soeiotj of England, vol. riii part 1. 
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«00 MB. .T. B, DAWES AND DB. J. H. (II I.BEliT ON this composition ok 


Ararati.—T abm XV11I. Showing the Aolual iVngtita (lbs. und mm.) 

dr,... HI .—16 Wether Shoep of InemterBrcei, about 1 ) year old, in motloivtely 

Killod at UoLhanufU'd, 


Designation of Farts. 

The 4 giving llio Largest amount of 
Increase during Fattening. 

The 4 giving the Nniallint Amount or 
liuw (luring Fill (cuing. 

No. i. 

No. 2. 

l 

No. 3. 

--- M 

No. *1. 

No. ft, 

No 0. 

No 7. 

No. K. 

- - 

bij. ox. 

[bn. os. 

Ita. os. 

he. <m. 

Ife os. 1 

In. os. 1 

In. o/i. 

In, <M. 

weight «n • * •• •• m> M !• .. 

L19 0 

121 0 

117 0 

108 0 

90 0 

92 0 

93 0 

81 9 

Final weight) unfested (including shorn wool) 

185 4 

183 12 

179 0 

101 0 

127 0 

123 9 ' 

118 13 

107 11 

Final weight) after fasting (including shorn wool). 

170 4 

108 12 

165 0 

150 0 

116 0 

112 9 

109 12 

ife* m 

98 11 


4 12 

3 14 

3 12 

3 15 

3 6 

3 7 

3 1 

3 11 

Contenla of stomacbi . 

7 0‘S 

5 14 

0 8 

7 1 

4 15 

6 0 

5 1 

5 1 

Oaol-fot. 

6 3 

6 13 

7 1 

5 5 

4 8 

3 0 

3 8*5 

1 11 

Small intestanaa and contents... 

3 10 

3 0 

3 9 

2 13 

2 4 

4 1 

2 11 

3 12*3 

Largo intestines and eontonla. 

3 3*5 

2 11 

3 1 

2 9 

1 U 

2 11 

2 3 

2 6 

Intestinal ft*.. 

it 0 

1 13 

1 15 

l 0 

1 0 

1 10 

0 12*6 

l 5*0 

i Heart And aorta . 

0 10 

0 12 

0 105 

0 10 

0 7*5 

0 0*5 

« 7 

(1 0 


0 5*7 

0 3 

0 8*5 

0 3 

0 2 

0 2*0 

0 2 

0 2*4 

Jj Lungs and windpipe ... 

1 6 

1 11 

1 3 

1 5 

1 4 

2 0 

1 1 

1 14 

*J ■ Blood. 

n 

e 18 

0 10 

7 2 

5 11 

4 8 

5 7 

4 10 

4 13 

% liver...... 

3 0 

2 10 

3 1 

2 U 

i 

2 3*5 

2 4 

I 15*5 

2 0*4 

| Gall-bladder and oontentn . 

0 13 

0 1-5 

0 0'G 

0 1 | 

0 0*8 

0 1*2 

0 0*8 

0 1 

d? Pancreas (''swoethread'’) . 

0 4 

0 4’fi 

0 4 

0 3 

0 3*2 

0 3-3 

0 3 

0 2*0 

Mfli or spleen. 

0 3*5 

0 85 

0 3*3 

0 3 

0 2*5 

0 8*6 

0 3 

0 3 


0 1 

0 0*9 

0 0*9 

0 1 

0 0*7 

0 0*7 

0 0*9 

0 1 

Head... 

4 3 

4 11 

4 1 

4 4 

8 9 

3 15 

3 9*0 

8 7*5 

Skin (with feet, dn.).. 

12 15 

12 1 

11 10 

10 14 

9 1 

10 0 

9 8 

0 0 

Wool previously shorn. 

10 4 

8 12 

10 0 

10 0 

6 0 

8 9 

9 12 

6 11 

fa^vnmintNi.... 




p. 







*« 







Total «ofil M parts ... 


69 8*4 

64 18*7 

irm 

45 1W 


*48 1*7 

44 158 

Oaroass ...... 

89 9*0 

101 18 

96 5 

88 0 

66 18*5 


59 14*5 

51 15 

Loas by evaporation, error in weighing, &o,. 

8 11 

4 IK 

8 18*8 

2 4 

8 3H 


1 11*8 

1 12*2 

live-weight after feeting. 

.170 4 

168 12 

165 0 

150 0 

116 0 

112 0 

piT 

ifiT 

p • wm mm, m* ** 


* S'or particular* of the feeding experiment, teo Article on the " Oompftj'ati’vo Fattening Qualities of 









































SOME OF THE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD. 601 


of the individual Organs, and other separated Parts, of SHEEP. 

Pat condition. Fattening Food—Oilcake, Clover Chaff, and Swedish Turnips*. 
April 28,1853. 


No. 9 

i " 

lbs. os 
114 0 

160 3 

148 3 


3 9 

6 7 *5 
5 6*5 
2 15 
2 4 *5 

1 75 

0 9*5 
0 3*8 
1 6 
5 8 

2 8*5 
0 W 

0 8 *5 
0 3*2 

0 0 *5 

4 1*5 
11 8 

8 3 
0 3 
flflTia* 
20 7 


18 '3 


e 8 giving the Medium amouni ox inwotwo uurmg jjuiAoiimg 


Tho 

4 of 

Tho 

4 of 

Tho 

8 «r 

*- i • 

Tho 

1(1 




l 






Lorgont' 

ShnulloBt 


LoKH’N- 

No. 10. 

No. 11 

No. 12. ] 

No. 13. 

No. It. 

No 15. 

No. 

HI. 

[nomine. 

Inomwo 

lncriiiHo 

(ITH 

11)6* 035. 

OK ] 

bs. i 

335 1 

1». OJS. 

bn. oss. 

llH. OJS. i 

bs. < 

Jff. 

Ins. ojs. 1 

lm s«. 

hn. ojs 

!w. uts 

100 0 

ma\ 


m 

105 0 

95 0 


91 

0 

11(1 4 

91. 4 

100 8 

102 2 

145 14 

134 7 : 


3 

149 2 

138 4 


132 

8 

sn 

119 4 

144 10*4 

146 10 2 

132 14 

121 7 ' 

138 

3 

139 2 

122 4 

134 10 

123 

8 

1(13 8 

109 4 

132 8*4 

134 7*2 

3 8 

3 8 

3 

as 

3 11 

3 5 

3 14 

3 

5 

4 1*2 

3 2 *2 

3 7*8 

3 8*8 

4 12 

7 1 

4 

9*5 

5 11 

4 11 



1 


5 4*2 

5 7*4 

3 11*2 

4 13 

3 4 

7 

1 

5 2 

4 4*5 



2 

6 6*2 

2 10*9 

4 13*5 

4 n 

2 14 

8 6 

2 

9*5 

2 13 

3 1 


B 

0 

3 4 

2 15*1 


3 0*1 

2 5 

2 2 

2 

8*5 

3 6*5 

2 5 *5 

2 8 

2 

4*5 

2 14*1 

III' 

2 7*0 

2 8*4 

l 7*5 

1 7 

2 

4 

1 9*7 

1 14 

1 5*5 


13 

1 13 

1 4*5 

1 10*5 

l 0*0 

0 9 

0 9 

0 

7*5 

O 6 

0 8 

0 9*5 


1 

0 10*fl 

0 8*3 

0 8*6 

0 9 

0 4 

0 2*3 

0 

4*6 

0 4 

0 9 

0 3*5 



0 5*1 

0 2*2 

9 3*2 

0 3*4 

1 6 

2 0 

J 

4*5 

1 5*6 

1 1 

1 K 


H 

1 0*3 

1 8*8 

1 0*1 

1 8*8 

3 0 

5 12 

0 

2*6 

5 15*5 

4 a 

5 6 


H 

6 9 

4 14*8 

5 5*4 

3 8*0 

9 19 

2 10 

9 

5*5 

3 10 | 

9 4 

3 13 

2 10*5 

2 14*3 

2 1*9 

2 9*2 

2 H*0 

0 9 

0 29 

0 

1 

0 1 

0 1*5 

0 1 

0 

0*8 

0 M 


0 1*4 

O 1*2 

0 8*7 

0 3 

0 

3*5 

0 4 

0 4 

0 3*5 

0 

8 

0 3*0 

0 3 

0 8*5 

0 3*5 

0 3*5 

0 3*5 

0 

3 

0 3 

0 2 *5 

0 3 

0 

3 

0 3*3 

0 3 

0 8*1 

0 3*1 

0 0*8 

1 

0 

0*7 

9 0*8 

0 1*7 

0 0*7 

0 

0*5 

0 1 

0 041 

0 9*8 

0 0*9 

4 0*5 

I 

8 

19 

4 1 

3 11 

4 3 

8 10 

4 4*7 

8 10*3 

8 15*1 

s m 

10 1 


10 

0 

11 4 

9 U 

ii a 

9 

8 

11 14 

9 641 

10 8*6 

19 0*4 

6 14 

8 7 

8 

3 

9 9 

7 4 

6 10 

6 

8 

9 12 

7 12 

7 10*4 

K 3*9 

0 SB 

0 1*2 

0 

2 

0 1*8 

0 1 

0 4 

■ 

3 

11 i 

• * * • • 

0 2.1 

0 2*3 

) 51 6*5 

55 7*5 

54 

~47 

58 1*8 

49 10*7 

sir 3*2 

52 


~G8 5*6 

48 1*4 

58 11*1 

f 

79 5*3 

65 1 

81 

5*5 

79 11*5 

72 12 

80 14 


7*5 

95 8*4 

59 7*4 

i 77 8 

77 a* 

r 2 2’ 

0 14*0 

2 

8*8 

1 4*7 

*0 2*7 

1 8*8 

1 

7*2 

3 10 

1 11*2 

1 1 541 

1 14*9 

189 4 

! 

191 T 

138 

T 

139 9 

122 4 

134 10 

123 

8 

103 8 

i 

109 4 

182 8*4 

i 

134 7*9 


Mouns of 


different Bmdsof Of the Boyal ijpdoultaralBooisty of Inj^wd, vol *vt fart I. 































602 MB. J. B. LAW AND DR. J. U. GILBERT ON THE COMPOSITION OP 


Abpbitdix.-—Table XIX. Showing the Aoiual Weit/hltt (llw. nml ok.) 

0tab 8 IV._16 Wether Sheep of Oroat-breeil (Leicewtor and South Down), about 1J year old, 

Killed at Uothninatod, 


Designation of Parts, 


Tho 4 riving the LawM- nmount of Tho *1 Hiving ilio HmallH amount of 
Incroaai during Fallon mg. Inm^nno during Patlcmng. 




No 1. 

No. 9. 

No. 3. 

No. 1 

No. 6. 

No. ft. 

No. 7. 

No. H 



lbs OA 

Ibw OA 

Urn os. 1 

1h, os. 

llw, os. 

Ills. OS 

llw, OS 

ilw, os. 

Ongiuol weight.* • 

88 0 

83 0 

3!) 0 

02 0 

01 O 

88 0 1 

Iftft ft 

ftH ft 

ffxnal weight, nn&atod (inclucling shorn wool) ■ 

114 13 1 

141) 0 1 

54 10 

55 12 

27 13 

21 6 

131 8 1 

131 7 

Final weight, after fasting (including shorn wool) 

1.11 IS 1 

138 0 1 

112 10 1 

11 12 

115 13 

11 ft 

192 H 

122 7 


t Stomachs.. ... • ••• 

3 11 

3 12 

3 18 

3 H 

3 1 

3 2 

3 8 

8 2 


Contents of stomachs ... 

7 a 

8 18 

ft 8 

5 19 

4 15 

5 12 

5 12 

7 3 


»■ •«• no ii * • * * M 

4 13 

0 12*8 

4 5*6 

5 12 

4 O 

1 4 

5 ft 

ft 1 


Small intestines and contcnta. 

1 14 

9 7*8 

2 0 

2 7 

1 15 

2 3 

2 ft 

9 7*5 


largo intestines and wnlonte. 

9 4 

2 12 

3 4 

3 0 

2 106 

2 7 

2 15 

2 11 


Intesfaiml iot.••■•••n* » * •* ■ 

l 7 

2 3 

1 0 

1 11 

1 0 

1 0*5 

1 ft*8 

1 7 

t 

Heart and aorta . 

o o-n 

0 8*8 

0 to 

0 0 

O 7 

ft 0*5 

0 8 

ft 7*5 

1 

Hoart-Jht ... 

0 4 

0 3*8 

0 4*5 

0 3*5 

0 4 

0 3 

ft 2*2 

ft 4 

J 

‘I 

Dungs and windpipe.. .. 

1 8 

l 4*8 

1 14 

1 H 

1 0 

1 2 

1 7 

1 8 

V 


8 5 

5 8 

5 0 

0 0 

4 12 

4 14 

5 12*5 

5 5*3 

t 


2 7 

2 7*5 

9 15 

2 3 

* » 

2 1 

9 4 

2 2*5 

i 

G( all-bladder and contents ........ . . . 

0 2‘5 

0 1-5 

0 3 

0 1*8 

0 2 

ft 1*5 

ft 1*1 

ft 1*2 

t 

Pancreas ("sweetbread”) . 

0 3 *8 

0 4 

ft 3*5 

O 4 

1 

ft 3*5 

ft 3*5 

0 3*5 

ft 3*5 


TWrit m* KY)lfMVn . * . 

0 3*5 

0 8 

0 3 

0 4 

0 3 

0 3*5 

0 4*4 

ft 3*3 


Bladder ...* <»»...n 

0 1 

0 0*8 

0 1*3 

0 0*8 

ft 0*7 

ft 0*8 

ft 0*7 

ft 0*0 


Hood . 

4 4 

4 1 

4 0*5 

4 6 

3 14*5 

3 12*5 

4 2*5 

4 0 


Shin (with feet, to).... 

11 0 

8 12- 

13 9 

12 0 

10 8 

10 0 

0 U 

10 4 


Wool previously shorn,,.. . 

8 IS 

7 0 

7 10 

6 19 

6 13 

0 6 

7 8 

6 7 



0 5-8 

0 1*8 

«•«»## 

0 8*8 

0 9 

0 8*5 

0 3*5 

0 2*5 

Total “offtl" parte ... 

86 7*1 

84 6*1 

61 14*3 

88 0*6 

47 0*2 

47 12*3 

l 53 18*0 

84 1*2 

Carcass .. . ... 

77 18*8 

88 5 

83 0 

83 12 

67 15*5 

64 6*fl 

; oo 12 

68 14*5 

Loss by evaporation, error in weighing, to . 

. 0 7*4 

-l 11*1 

—2 4*8 

i -0 0*6 

0 4*8 

i -0 I2*f 

2 19*1 

-0 8*7 

Iive-waightafter fiwting .... 

. 184 19 

188 0 

142 10 

141 12 

JnTiF 

TlTT 

122 8 

122 tJ 


*■ Per particulars of tho feeding experiment, soo article on tho “ Comparative) Fattening Qualities of 


c i 

* i 1 




















SOME 03? THE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD. 603 


of the individual Organs, and other separated Parts, of SHEEP. 

in moderately Fat condition. Fattening food—Oilcake, Clover Chaff, and Swedish Turnips*. 
April 23,1853. 


The 8 giving the Medium amount of Increase during Fattening. 


Moans of 


No. 10. 

No. 11. 

No. 12 

lbs. oz 

lbs. oz. 

Urn. oz. 

102 0 

1 88 0 

98 0 

147 4 

132 12 

142 9 

139 4 

120 12 

133 9 



3 6 3 12 3 14 3 1-5 3 7 3 2 I 3 14 3 6 

4 16 6 4 6 9 0 8-6 3 18 6 6 7 10*6 3 0 

6 11 7 6-6 6 1 6 8 4 9*6 8 13-6 4 10 6 9-6 

1 11 8 1 1 13 * « IN 1 11 8 9 2 3 

3 2 2 0 3 0 2 8 3 0*6 2 13 3 0 2 6*6 

2 3-6 2 13 1 18 8 8*6 1 10-8 1 0 1 7*6 3 3 


Tito 
4 of 
Largest 
itoroauo. 

llH. 08. 

96 8 
61 0*6 
39 4*6 


3 13 
7 1*6 
6 6-6 
3 4*6 
3 14*6 
1 11*6 


The 

Tito 

Tho 10 

4 of 

8 of 

Crons* 

Smallest 

Medium 

bi-od 

TiicroitNU. 

Tm-roaso. 

Well tors, 

11m. oz 

IIjh. or. 

IIjh ok 

9-1 4 

9(1 2 

(18 8 

129 8-5 

110 8*9 

140 6 7 

118 0-5 

139 4-9 

128 15-7 


3 3-3 3 6*7 

6 14*6 6 7*4 

4 14*7 6 4-4 

3 4*6 2 3*6 

2 10*9 2 9 

1 4-2 1 16 


0 9 0 8-7 0 7*7 0 8-6 0 8-6 0 8-2 0 8-8 0 9-6 0 9*3 0 8 0 8*« 

0 4-4 0 6*6 0 6 0 3 0 7*8 0 3-1 0 6*7 0 4*8 0 3*9 0 3*3 0 6 

14 1 6*2 1 2*8 1 4*5 1 10 1 8-6 18 15 1 8*6 1 6-6 1 5*7 

6 9-5 5 11*3 4 7 6 3 4 18 4 15 5 13*5 6 8 6 11*7 6 2*11 6 3-6 

2 6 8 9 2 1 8 6 2 8*6 8 1 2 6 8 7 2 H*1 3 2*9 2 4*9 

4) 1*8 0 1*3 0 2-9 0 9 0 0*8 0 0-7 0 9-2 0 1*2 0 2*2 0 Ml <1 1*8 

0 2*7 0 4*7 0 8*5 0 8*9 0 3*7 0 3 0 4*2 0 3*7 0 3*7 0 3*6 0 8*8 

0 8*7 0 8*8 0 8 0 8 0 8*6 0 9*7 0 3 0 8 0 3-1 0 3*0 0 3*9 

0 0*6 0 0-9 0 0*7 0 0*7 0 0*9 0 0*0 0 0*0 0 0-8 0 1 0 9-8 0 0*8 

4 0 4 4-7 3 10 8 14 4 1*8 4 2*5 4 1*6 4 9 4 4*4 S 16*4 4 0*5 

9 6 10 18 9 (1 10 14 11 8 11 12 11 11 0 10 11 3*5 10 1*7 10 9*9 

4 12 5 4 6 19 6 9 5 8 8 5 6 13 8 8 7 8*5 0 4*8 6 4*9 

0 2*51 0 9 0 2*5 0 l 0 3 0 2*8 0 8*8 0 1*8 0 4*8 0 9-9 0 2*4 


5 

8 


58 13*91 49 
78 12 
0 16*1 

ST |131 8 1123 5 



69 2*9 
76 0*8 
l 1*2 


126 8|l39 4*5 [118 0*5 [189 4*0 


Kl 


0 1*7 
0 8*0 
0 3*8 

, 0 9-8 
4 1*2 
10 9*9 
0 S»*7 
0 9-9 
B3~3*8 
75 5-4 
O 65 


128,16*7 


i f 

different Broads of Shwp /’ 1 foams! of tho Boyai Agricultural Soctefgr-of E n gland, ml xvl jM*t 1 . 























m MR. J. B. LAWES AND DR. J. H. GILBERT ON TIIE COMPOSITION OF 


Appendix.—Table XX. Showing tho Actual Wright* (lbt». and aw.) 

Class V.—10 Ewe Sheep of Gross-breed (Loicostor and South Down), about X \ yonr old, m 

Killed at Rotlianwtou, 



Designation of Parta. 

Tho 4 giving tho Largest amount 
of Increase during Fattening. 

Tho *1 giving (ho Hiiwllesl amount 
of Inmw during Fattening. 



No t. 

No. 2. 

No. 3. 

No 4. 

No. r». 

No 0. 

No. 7. 

No. H. 

1. . 

Amip 

mnl vranahf .. .. •• 

lbs. ox. 1 
84 0 

lbs. ox. 

91 0 

1m. ok. 

95 0 

1m. ox. 

91 0 

Im. ox. 

90 0 

11m. ox. 

91 0 

1m. ox. 

92 0 

IM. OX. 

89 0 

ImI weight, nnfimtad (unoluding shorn wool). .. 

148 14 

149 6 

146 14 

140 4 

124 12 

121 8 

125 0 

118 7 

Final weight, after fasting (including shorn wool). 

189 14 

129 6 

131 11 

125 4 

112 12 

113 8 

114 0 

108 7 

2 10*5 


'gtomsohs . 

3 S'B 

3 0 

3 7 

2 16 

3 4 

2 10 

9 13 


rMiiimk nf sf/vmft/ihfl .... •• 

8 11*6 

3 6 

5 6 

6 2 

4 2 

8 0 

6 4 

4 6*0 



6 4 

6 3*6 

6 8 

4 7 

5 3*0 

0 0 

3 10*0 

4 4*6 


flmnll iniMd.il 1 M and GOntfinfa .... .... 

8 0 

2 4*6 

9 4 

2 6 

1 12 

1 11 

2 0 

2 1*6 


TdwiM l'nidrimna nnfl fWirl/mfR ___........ ... 

1 18 

9 7*5 

8 4 

1 15 

9 4 

1 0 

9 0 

9 4*6 










Tniesiirml fei..*.. 

1 8*3 

1 6 

3 10*5 

1 14*5 

1 12 

9 1*0 

1 7 

1 0 


TTrttWiand aavIa ....... ....••••mi 

0 8*6 

0 o 

0 9 

0 0 

0 8 

0 8 

0 0*0 

0 7 


ITrtfLfat . ... i.iMiniiM 

0 4 *6 

0 9 

0 3*7 

0 9*6 

0 4*0 

0 8 

0 9*5 

0 9 

i 

TamM nni^ vln^ufnA .. .... 

1 6 

1 8*0 

1 3*7 

1 2 

1 9*8 

1 l 

1 6 

1 8*0 

i 







Blood . 

6 18 

6 6*6 

6 6 

4 8 

0 7*0 

4 19 

4 11 

4 1 

Iatof. 

9 8*6 

9 5*5 

2 0 

2 2*6 

1 12*0 

1 14 

1 10*0 

1 13 

l 

ftfjlJilflddor mnfl contents .. 

0 9 

0 1*2 

0 0 *5 

0 2 

0 1*4 

0 1*8 

0 0*7 

0 0*9 

1 

PgaflMM ( h CTftdlffSfld ... 

0 8*6 

0 3*3 

0 3*5 

0 3 

0 2*5 

0 3 

0 3 

0 3 

l 

MUt or gnlflan .... 

0 8*2 

0 8*2 

0 4*5 

0 3 

0 3 

0 2*5 

0 2*0 

0 9*5 


Bkddflf. lll(4fV (M(l . ..4*. 

0 0*6 

0 0*8 

0 0*7 

0 0*6 

0 0*6 

0 0*9 

0 0*8 

0 0*9 


Womb t ..*..... . 

0 0*7 

0 1*2 

0 1 

0 1 

0 1*2 

0 0*7 

0 0*7 

0 07 


Head. 

3 13*6 

4 0 

4 0 

8 11*0 

8 6*5 

8 7*5 

8 7*5 

8 8 


flkin (wffllftftu feO ..... 

11 8 

10 7 

0 8 

10 0 

8 12 

8 4 

0 0 

9 8 


Wool ulirWi ... . 

7 14 

7 6 

6 14 

7 4 

6 19 

5 8 

6 6 

a 7 










» Ivtmtnitifipm .. 

0 8 


0 9*6 

0 4*5 

0 9 



0 4 







• m r* mrm 

,. 

rprtfo] M offtil n TMVfcS .. .. *.. 

64 0*9 


5jT 8*6 

60 0 

pnH| 

48 9*9 

46 12*2 

44 9 

flawMia . .. . .... ■ , . . . 

. 76 11*0 

77 6*6 

77 18 

71 12 


67 6*0 

68 1 

62 11 

fra* rtnarv-iwdaTm- amir in wmohinn An... . 

-1 6*9 

9 6*8 

0 8*4 

3 8 


1 10*1 

0 8*8 

1 3 



mjHup 


jh 

m n4e 

* TArA^nd trill ftfW fuMifitf ... 

199 14 

199 6 

ijnr 

120 4 

|119 19 

*118 8 


108 7 



— 


* For particulars of tho feeding cxparimont, we wtfolo on tho “Comparative Fattening QuaUUci of 








































SOME OE THE AN TMAL S FED AND SLAUOHTEBE1) AS HUMAN FOOD 


of the individual Organs, and other separated Parts, of SHEEP. 

moderately Eat condition. Fattening food— Oilcake, Clover Chaff, and Swedish Turnips*. 
April 28,1858. 


I Mosub of— 

Tko 8 givin g tho Medium amount of Increaeo during Fattening. 

* The The Tho 

4 of 4 of 8 of 

—- ' " 1 I ~ LnrgcHt SnuilloBt Medium 

No. 0. No. 10. No. 11. No. 12. No. 13 No. 14. No. 15. No. 10. Im-mwo. lm-mwo. Iimvhho 



lbs. ok. lbe. 08. lb#, ok lb#, oa. 

98 0 86 0 98 0 87 0 

141 8 129 8 140 10 129 3 

129 8 118 8 129 10 117 3 


3 2 8 6 2 150 8 0 2 13*5 

6 9 6 4 5 14-5 4 11-5 3 10-5 

6 12 6 10 5 10 5 5 12 6 9-6 

2 2*6 2 3 2 4 2 3 l 8*5 

26 29 2 4-5 95 21 

1 5-5 1 7*5 1 5 2 4 1 2 


123 4*9 131 3-6 133 11-3 
119 0-:t 122 13-6 121 11-2 


8 

2 

6 

9 

5 12 

2 

2-6 

2 

6 

1 

5-5 

0 

8 

0 

2 

1 

3-5 

5 

0 

1 14-5 

0 

1*5 

0 

8-5 

0 

4 

0 

0-6 

0 

1-5 


2 15*5 

5 14-5 

5 10-5 

2 

4 

2 

4-5 

1 

5 

0 

7 

0 

4 

1 

3 

4 

14-5 

2 

2-5 

0 

2*1 

0 

2-7 

0 

2 


4 14-5 4 6-8 5 3 5 9-514 14 

2 2-5 2 2 2 8-5 2 

0 2-1 0 1-3 0 9 

0 2-7 0 4 0 3 

0 3-5 0 3-3 

0 0-8 0 0-7 

0 0-8 0 1 0 1-2 

3 8-5 3 10 8 10-5 

9 10 9 10 10 4 

7 6 5 10 7 3 

1-71 0 3 0 2-4 0 2 I 0 1-81 0 2*81 0 1-5 




2 


117 3 



122 6 1120 4 1129 1-5 |U2 0$ 192 19-6 


different Breed# of Sheep,Journal the Bhyal Agricultural ’Soahjly of BaglMMhvoL ajvt part 1. 

MDOOdia " > -V> , * 4'fc •' •, * ;i' 





































606 MB. 3. B. EATOS AND DB. 3. H. GILBERT ON TUB COMPOSITION Of 


Appuiimnr._ Tabus XXI. Showing tho Actual Weights (lbs* and 0ZH -) 

Omsb VI.—16 Wether Sheep of J Hampshire Dom Breed, about 1 J- year old, iu mo*- 

Killed at HotlumiBW 


Darignataon. of Parte. 


Tho 4 giving tho largest amount of Tlio 4 giving tho BinaUral nmurnit or 
Inoroaso duifaglSuoJiing. lncmwo (luring Fattening. 


No. 1. 

No. 3. 

No. 3. 

No. -L 

No. 5. 


Original weight. 

Sinai wei g ht , nnfested (including shorn wool) •• 
Sinai weight, after fasting (including shorn wool) 


^Stomachs ... 

Qontants of stom ooliB . 

Oanl-At. 

Small intestines and oontonts.. 

large intoetinoe and contents... 

Intestinal fat... 




4 15 4 11 4 i 4 0 

8 15 10 7 10 0 10 0 

8 3 8 15-8 7 8*4 7 8 

40 3 15 34 30 

4 7 3 0 3 13 3 1 

5 0-4 5 3 5 4 4 10 


lltt. OX, 1I>H. ox. 
96 0 119 0 

150 19 174 4 

140 19 104 4 


;t 7 3 10 3 10 3 6 

8 0 SO 7 14 ti 19 

8 H 5 11 8 19*1 6 9*3 

9 13 9 10 3 JO 9 1 

3 8 9 9 3 0 9 10 

3 14*1 9 4*3 6 6*5 4 7*9 


Heart and aorta. 
Heart-fat . 


|j Lungs and windpipe. 

*2- Blood. 

1 liver. 


Gall-bladder and contents 
Pancreas (“sweetbread”).. 
Mflt or spleen .. 


Bladder... 

Head. 

Skin (with feet, Ao.). 

Wool previously shorn... 
' MUwlbmetmji trhntnfngs 


0 18 0 11*5 0 10*8 0 10*5 0 9*1 0 8*3 « MM 0 8*6 

0 10*6 0 7*4 0 8*6 0 8*9 0 8*5 0 4*5 0 6 0 4*9 

1 14*3 1 13 1 6*1 l 0*8 l 9 1 13 1 9*5 1 5*6 

9 1 0 9*5 7 19*5 7 10*8 0 7 0 10*8 5 8*8 6 4*5 

3 7*8 3 9*6 9 9-9 3 5*8 9 0 9 9 9 5*0 8 0*8 

0 1*1 0 0*5 0 0*8 0 0*9 0 1*4 0 0*6 0 1*2 0 0*4 

0 4 0 4 0 3*1 0 4*1 0 4*7 0 4 0 4*8 0 3 

0 4*4 0 5*1 0 4*9 0 4*1 0 3*4 0 4*2 0 3*7 0 3*1 

. 0 3*9 0 9*4 0 0-8 0 0*5 0 0*0 0 1 0 0*6 

6 4 6 0*5 5 10*5 5 1 4 8 4 14 5 0*1 4 4*8 

17 11 17 8 15 14 16 2 HO 11 8 H 5 12 9 

68 68 6 B 80 60 513 44 78 


0 4*9 0 1*0 0 3*1 0 4 I 0 4*5 0 5 0 4*8 0 8*4 



63 3*6 

00 10*0 

99 8*6 

89 15 

1 8 

0 14*6 

w m 


live-weight after fasting 


8 199 8 101 0 151 0 140 13 104 4 151 8 


* For particulars of IhofiecHty experiment, boo Article on Uio “ Comparative Fattening 
































SOME OF THE A NIMAL S FED AND SLAUGHTERED AJS HUMAN FOOD. 007 


of the individual Organs, and other separated Parts, of SHEEP. 

rately Fat condition. Fattening food—Oilcake, Olover Chaff, and Swedish Turnips*. 
May 8,1851. 


The 8 giving tho Medium amount of Increase during Fattening. 

Moans of— 

Tito 

4 of 

Tito 

4 of 

Tho 

8 of 

Tho 10 
Ilamp- 

No. 9. 

No. 10. 

No. 11. 

No. 12. 

No. 13. 

No. 14. 

No. 15. 

No. 16. 

Largost 

Inoroaso. 

Sind lust 
tncroMo. 

Medium 

Inoroaso. 

Hluro 

Downs. 

lbs. os. 
108 0 

lbs. oz. 
195 0 

lbs. os. 
108 0 

lbs. bz 
113 0 

lbs. os 
131 0 

lbs. os. 
100 0 

lbs. os, 
190 0 

lbs. os. 
112 0 

lbs. os. 
117 12 

lbs. os. 
106 4 

lbs. os. 
114 10 

lbs. os. 
113 5 

177 8 

194 4 

177 0 

181 8 

199 8 

168 0 

187 8 

178 8 

312 10 

161 2 

189 15*5 

184 14*8 

168 8 

184 4 

164 0 

173 8 

188 8 

166 0 

176 8 

163 8 

197 14 

161 14 

171 13*6 

173 6*8 

8 14 

3 10 


8 8 

4 2 

3 8 

8 12* 

3 10 

4 8*5 

8 8*3 

3 1H 

3 13*8 

8 10 

10 10 

7 11 

8 8 

6 14 

7 0 

8 10 

7 6 

9 15 

7 6*8 

8 9*6 

8 6*4 

8 8-5 

6 18*7 

7 1 

9 10 

9 6*5 

6 8*4 

6 8 

7 8*5 

7 18*8 

7 6*1 

7 11 

7 10*6 

9 14 

3 8 

4 8 

3 0 

8 4 

3 9 

2 12 

3 2 

3 8*8 

2 9 

8 3*0 

3 2*3 

9 14 

4 9 

3 0 

8 4 

4 8 

2 8 

3 12 

3 9 

3 6*8 

2 10*7 

8 6*2 

8 3*1 

6 0*8 

4 10 

5 9 

5 2*5 

4 14 

3 8 

4 3*6 

6 9 

5 0*1 

4 0 

4 12*2 

4 10*1 

0 12*8 

0 19*3 

0 9*8 

0 9*8 

0 13*8 

0 9 

0 12*1 

0 10*2 

0 11*5 

0 9 

*0 11*2 

ft 10*7 

0 3*3 

0 7-8 

0 8*5 

0 4*8 

0 10*5 

0 6 

0 6*7 

0 4*2 

0 8*1 

0 4*5 

0 6 

0 0*1 

1 195 

J 7*8 

1 10*6 

1 0*8 

1 11*5 

1 9*5 

1 9*3 

1 0*2 

l 10*7 

1 0*3 

1 0*6 

1 9*8 

6 14 

7 7*8 

7 1*5 

6 5*5 

8 10*8 

5 14*5 

7 4*6 

0 15 

8 0*7 

6 8*5 

7 M 

7 81 

9 19*8 

1 15*7 

9 8 

9 0*5 

9 11*8 

9 7*6 

3 0*6 

9 19 

8 4*3 

2 6*3 

2 9*7 

9 11*9 

0 0*7 

0 9*8 

0 1*4 

0 9*9 

0 1<4 

0 H 

0 1*3 

0 0*9 

0 0*8 

0 0*9 

0 1*5 

0 1*2 

0 4-8 

0 8*8 

0 3*8 

0 8-3 

0 8*6 

0 4*5 

0 4 

0 3*1 

0 8*8 

0 4 

0 3*7 

0 8*8 

0 4*8 

0 4*1 

0 5*1 

0 4*8 

0 5*3 

0 3*7 

0 4*7 

0 8*6 

0 4*4 

0 3*6 

0 4 *5 

0 4*2 

0 1 

0 1 

0 H 

0 0*7 

0 1 

0 0*6 

0 0*9 

0 v 

0 9*1 

0 0*7 

0 0*9 

0 W 

8 9*9 

5 9 

4 18 

5 4 

5 13 

4 18*6 

5 11*6 

.* 4 

6 19 

4 10*7 

5 4 

5 8*7. 

19 8 

15 19 

19 19 

11 19 

14 4 

12 14 

16 0 

19 0 

16 19*7 

U 7*8 

18 7*1 

18 19*7 

8 8 

0 4 

7 0 

5 8 

6 8 

6 0 

5 8 

4 8 

6 6 

5 14 

6 13*5 

6 16*8 

0 9 

0 3*8 

0 3 

0 9*8 

0 4*5 

0 4 

0 3 

0 7 

0 8*9 

0 4*3 

0 3*8 

0 3*8 

67 9*1 

73 6*3 

68 9*1 

67 11*1 

75 1*4 

61 7*3 

70 10*9 

08 3 6 

78 11*3 

01 4 

68 11*3 

60 5 5 

100 0 

108 19-5 

94 18 

108 3*6 

U1 10 

94 8 

106 6*6 

98 13 

119 6*6 

89 2*9 

102 7*6 

103 6*2 

0 14*9 

* 1*3 

0 10*9 

0 9*4 

1 12*6 

0 6*7 

-0 9*4 

-0 8*6 

"0 8*9 

1 7*1 

010*6 

0 10*1 

168 8 

184 4 

164 a 

178 8 

188 8 

158 0 

176 8 

163 8 

197 U 

161 14 

17118*5 

173 - 6*8 


^fcttoHtiea of ctf th» Hflyal Agftoal*tfg|fcl BocteiyoC Bn^and> ,-»dL adt pwrfi fl. > 

* 
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COMPOSITION OF 


Arpntpu.— Tablo mm . Slowing Ho Actual Weight! (lbn. «»: 
0«- VH.-16 Wether Sheop of 8mm Vom A*. ** U 



* For particular# of the /setting axporimwit, boo Arttclo on tlio “ CwnjwaUw FatUadni 




























SOME OF THE AN IMALS FED AND SLAUGHTERED AS HUMAN FOOD. 


of the individual Organa, and other separated Parts, of SHEEP. 

Fat condition. Fattening food— Oilcake, Clover Chaff, and Swedish Turnips*. 
May 8,1851. 


. Moans of- 

Tho 8 giving the Medium amount of Incrouw during Fattening -—- 

1 Tho The 

_4 of 4 of 

1 Largest Smallest 

No. 9. No. 10. No. 11. No 12. No 13. No. 14. No, 15. No. 10. Inerwujo. Tnemwo. 


lbe. 

02. 1 

96 

0 

140 

0 

143 

0 

3 

0 


lbs. oz. 


lbs. 

ox. 

93 

0 

145 

4 

185 

4 


5 0-5 4 «•5 3 14*5 3 13 


3 0 
8 0 
5 13*5 
3 10 
3 0 
3 13 


0 0*3 0 0*5 0 7*3 0 8*1 0 8*5 0 0 

0 1*0 0 4 0 4*5’ 0 7 0 4 

1 10 l 3*8 1 3*5 1 8*5 1 8*3 



0 6 0 4-7 0 8 I 0 8*7 0 6*3 0 4*5 0 4 0 4*5 


6 

0*8 

3 

85 

0 

1*1 

0 

3*5 

0 

6 

0 

0*5 

4 

0*5 

18 

4 

6 

8 

0 

2 



llw. os. lbs. oz, Ibn ox. 
84 8 HO 10 88 8 

138 3 143 0*5 141 1*8 

117 6 130 14*5 133 4*7 


3 1 
£ 1 
6 

3 1 
3 


4 

3*5 
8*3 

3 0*31 3 8 


3 

6*7 

3 

8*8 

O 

8*4 

O 

6*7 

1 

0*3 


0 0*5 O 0*6 0 0*8 0 0*7 0 0*8 0 0*7 0 0*6 0 0*8 0 0*8 

I 

4 0*6 3 13*5 3 14 3 11 3 15*7 4 8*0 4 0*6 4 6*5 4 8*0 

13 4 10 8 10 0 10 3 10 10 0 10 10 0 10 6 10 8 

88 5. 0 5 13 68 08 84 08 84 8 0 

0 3 0 3 0 4 0 3*8 0 3 0 3*9 0 4*0 


1 

15*8 

D 

3*7 

0 

8 

0 

4 

0 

0*6 

I 

4 

0*6 

10 

0 

0 

8 

0 

4*0 


ft 

0 

0 

8-1 

0 

3*8 

0 

4*5 

0 

0*8 

4 

0*5 

10 

It 

0 

A 



0 

0*G 

4 

8*0 

10 

8 

0 

0 


3*0 



55 13 55 0*1 53 8*01 67 16*3 48 

70 18-5 81 13*8 83 1*6 1 86 13*7 07 12*0 

•6 


130 3 14ft 0 


184 8 W9 8 136 4 137 8 130 4 [144 0 ill? 6 1188 U*0 


ft 3*0 
0 1*3 
0 8*3 
O 8*3 

0 0*6 
4 0*4 
10 1*8 
6 0*8 


0 3*01 0 3*81 0 3*30 3*3 


64 A*ft 


Qualities of Sheep*' 1 Journal 6f thfBcyel igriutOtriml .Society of England* vol, xii, part ft. 
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MR J R Li’WBS AND DR j. n. GILBERT ON TITE COMPOSITION Of 


Appbbdu.—T iBM XXIX. Showing Hie Art mi might* (lint. wid "*» I 
nr,... XIV.—19 Sheop of Hampthirt Down Breed, divided into t l;o(», «n-h with 


DerignaUon of Parte, 


Original weight .. 

Final weight, unladed 
Final vreight, after fasting 


Loti —Food 
Oilcake -in lk«l ijiwulily 
Swedish Turnips ml libitum 


Ix>( 2 Fowl* 

Oat i m It\nt <|u mill \ 

8 wt ilwh Turnip i ml libifvm 


No 1. 


[lbfl 04. 
118 8 

155 0 

151 0 


■8 

1 


/’Stomachs .. 

Oontante of stomachs 
Gaol, intestinal, and hoort-fai . 
Smallutoatinee and contents . . ... 
Largo InianLirma nud contents . . . 
Inlonttnal flit (mctadodvilh caul-Jat) 

Ilewl and aorta l( . ****** 

Haart-fet (Included with oaul-fhtj. 

lungs and wiadpipo. 

Blood - i mi * m * * " 

Liver. 

Gall-Madder and contents. 

HjQfldM * Mill II HIM! >• M » • 

[Skip and wool (with feet, &a), . 


Total parts. 68 14*5 

CtarauB i* mom .. no mu i oi • ... 80 0 

Iu« by evaporation, error mvrei^^ H‘5 


Live-weight alter fitting 


No 2 

libs 04 
112 8 

147 0 

144 0 


3 7 
8 6 
13 2 

1 14 

2 14*5 

l 1-4 

1 14 

0 1 

2 5 
0 M 

4 10*5 
17 7 


151 0 


3 14 
0 12 
13 11-1 
2 1*4 
2 13 

1 45 

1 12 
6 0 

2 85 
0 1*4 

4 11*1 
17 0 


No 3, 

lbs o/ 

111 0 

113 0 
30 0 
3 10 
9 5 
12 14 
1 0 
2 2*5 


No. 1 

1)H 0/ 

10 0 

123 0 

21 0 

3 0 *5 

11 1 

0 7 

2 1 

S H5 


04 4 
81 8 
-1 19 


1 1 

1 8*5 
5 15 
9 0 
0 2 

4 7 
14 12*5 


50 19*5 
77 0 
9 80 


144 0 189 0 


0 13 

1 0*7 
4 4*5 
1 8*2 
0 2 *5 

4 4 
19 13 
53 0*9 
68 8 
- 14*0 

P • w 

191 0 


No. A No 0 

llH Of* llw Of 

00 0 117 8 
20 0 153 0 
10 8 110 0 
3 1*5 4 2*0 

7 Id 12 1 
7 3*5 12 4 
2 12*51 1 10*5 
2 112 7*5 


0 13 I 1 40 

111 I 1 15 
4 0*5 5 11 

1 127 2 0*5 

0 0*5 0 1 

4 0*5 4 8*5 

15 10 | 11 U 
52 27 63 3 
01 8 80 4 

- 2*7 -3 7 
X10 8 " U<fo 


No 7 

W *1/ 
12 8 

18 8 

15 0 

1 2 

13 8 

11 11 

1 H5 

3 2 


1 5 

2 0 

5 0*5 
1 15 5 
0 2 

4 155 
17 4 
07 0 
80 0 
-2 0 
145 (T 


No S 

1m of 
12 0 

tl 0 

39 0 

3 125 

10 8 

11 U 

3 1*5 

3 5 5 


1 1*5 

1 11*5 
5 11 

2 II 
0 1 

4 12 
15 4 
03 0*6 
78 8 
—9 8*5 
180 0 


No it 

I. 04 
0 0 

2) 0 

10 0 

3 0 

0 12 

H 13 

1 75 

2 15 


I 1 

1 0 
1 85 
1 11 
0 9 


No 10 

lit i of 
00 0 


123 0 
18 0 

3 7 
9 12 
7 10 
2 8 
2 11 

0 11 

1 2 

4 11*5 
l 11 
0 1*5 


1 105 
13 13 
53 1 
08 8 
-9 9 

IlV o’ 


4 8 

17 0 
50 n 
01 0 
-9 3 
118 0 


* For particulars of the feeding eaqpcrimoat, refer, under tins head of 41 Kxporixnenie Shwp -Sorioe l, 
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of the individual Organs, and other separated Paris, of SIIEEP. 

Moderately Fattened. Bred, Fed, and killed at Bothamatcd—Period of Feeding Experiment 07 days. 


11,1848. 


Lot. 3—Food — 

OloYer Chuff—in fliod quantity. 
Swedish TtmiipB -—ad libitum. 


Lot 4 —Food •— 

MSt}***** 


Noll. No. 12. No 13. No. 11. No. 15. I No. 10. No. 17. No 18. No. Ml. 



4 3 4 2 4 6*6 4 (1 

13 6 14 2*5 14 11 15 6*5 

10 4‘5 10 0*6 11 1 10 10 

2 2*5 1 14*5 2 3 1 15*5 

3 13*5 3 10*5 » 13 2 10 


No. 

15, 

11m 

ffifi 

107 

0 

110 

0 

146 

0 

"7 

0 

15 

0-5 

10 

10 

. 1 

15*5 

2 

10 


No. 

17. 

11m. 

ir/ 

114 

8 

138 

0 

134 

0 


MotUlH of— 

Loti. Lot 2. k>t 3. Loti 


ltjH. IMS. , 

111 11*3 112 


142 12*8 
140 14*4 


3 8 3 10*5 3 8*4 3 13-1 4 5*1 3 12*1 

8 65 12 10*5 0 4*4 11 2*4 15 5*2 10 14*9 

11 4*5 10 0 11 4*3 10 4*0 10 4 11 2*2 

1 8*5 3 10*5 2 1*2 1 13*6 2 7*2 9 4*0 

3 4 2 12*5 2 7*0 2 11*6 3 12*3 2 11 5 


Him. ins 
111 6*1 

137 13 

134 6 7 


3 13*6 
11 11*3 
10 11*5 
2 2*6 
2 15 H 


13 18 13 14 


0 14 0 18 1 M I 9 1 3*8 (116*9 l W 


1 12 115 116 1 14 19 

5 6 4 7 6 5 5 8*6 3 13 

2 9*6 2 H 2 8 9 7 1 16 

0 3*5 0 0*9 0 to. 0 to 0 1'! 


4 8 4 11 4 10*6 6 0 

15 2 15 0 14 12 16 0 

64 1*0 04 8*4 fiTto 67124 
81 8 72 8 73 12 76 8 

1-2 0*5-1 8*4 -1 to 


142 0 143 0 185 8 139 0 145 0 


1 10 1 10 1 10*6 1 10*7 1 13*6 1 10*8 1 114 

4 9*5 4 16*5 5 4 6 3*3 5 4*3 4 9*8 6 Wj 

1 7*6 2 1*6 1 15*0 2 0*8 9 0*6 1 16*9 9 1*7 

0 0*5 0 0*6 0 1*5 0 2*1 0 1*9 0 W 0 1*6 

i 

4 8 4 4 4 8*8 4 10*9 4 9*8 4 6*1 4 9*1 

15 0 14 10 16 8*6 15 10*2 15 7*8 14 8*6 15 4*3 

- -- I tl ipmn -II -- ■ I‘f HUP *■ *«' » ' ■« ... ** 

15 61 0*0 68 11*8 00 7*9 87 0*9 68 11*8 01 8*1 

„8 66 8 76 10 75 7*9 75 0*8 70 2 74 6*3 

-0 80 -0 8*1 -2 8*7 -1 3*3 -1 1*8 -1 6*7 


0 Il99 0 1134 0 121 0 127 0 134 4*8 133 0*4 140 14*4 127 12 134 6*7 



to Article—" Sheep Feeding end Manure," Journal of tho Boyal Agricultural Sodoiy of England wl. x, part 1. 
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Appendix.—Table XXX. Showing the Actual Weight* 015 *) 

Class XV.—20 Sheep of Eampehire Dom Breed, divided into 4 Lota, each with different 

Erporimont 184 days. 



Designation of Parte. 

Lot 1.—Pood:— 

Oilcake—in fixed quantity 

Clover Chaff —(id Hbitum. 

Lot: 
LiiiBootl- 
Olowr Cl 

3—Food! 
-in fivod (] 
buff—ITt? 1 

[uanlily 

tlnfnm. 



No. 1. 

No. 2 

No. 3. 

No. 4. 

No. 5. 

No.fi. 

No. 7. 

No. 8 

IK 04. 

117 0 

161 0 

151 8*9 

No. 9. 

!K 04 . 
123 0 

101 0 

142 0*0 

No. 10. 

IK 04. 

119 0 

151 0 

138 10 

Original weight... 

Kail vreight, unfuted... 

Pinal weight, after Bating.... 


lbs. os. 
194 0 

157 0 

148 8*8 

lbs. os. 
195 0 

157 0 

140 15*9 

lbs. 04 . 
121 0 

151 0 

141 137 

lbs. 04. 

117 0 

147 8 

143 10*2 

IK os. 
190 0 

141 0 

139 97 

IK 04. 
193 0 

146 0 

136 13*3 



3 11*5 

4 8 

4 5 

3 10 

3 15 

3 0 

3 0 

3 15 

3 5 

3 14 


Contents of stomachs . 

13 9*5 

18 3 

14 10 

12 2 

14 3 

7 14 

9 0 

11 13 

10 12 

10 9 



4 2 *5 

7 1 

6 8 

7 11 


9 25 

6 13 

7 14 

0 13*6 

8 8 


Smallintestines andcantanls... 

9 9*5 

9 19 

9 11*5 

9 0*5 


9 14 

8 0 

2 11 

2 1 

9 10 


Large intestines and contents... 

4 14 

4 1*0 

5 0 

3 11 


2 13 

9 9 

4 15 

■ 

3 3 

m 

Intestinal &U«... 

9 7*5 

3 10 


2 0 


2 10 

9 7 

3 10 

3 2 

9 3 

i 

s 

Heart and aorta ... 

0 9 

0 7*5 

0 8 

0 0 

1 

0 9 

0 7 

0 0 

in 

0 9 

1 

TTVwrt.fAi ..... 

ilBR 

111 

0 6*5 


m 

0 8 

0 8*5 

0 9 


■in 

1 

Lunge and windpipe . 

1 4 

1 8 

1 3*5 

1 3*6 


1 3 

1 3 

1 4 

m 

1 8 

P4 

Blood-.. . ....I*. 

0 4*5 

5 15 

5 10 

6 9 

5 12 

6 4 

5 7 

6 9 



l 


1 13 

9 1 

1 15*5 

1 14 

9 4 

1 11 

1 8 

2 2 



* 

Chdl*Mflddflr md ooniifflite (iii •« <im mum 

0 1 

EE 




0 17 

0 9*3 

0 3*3 


0 2*1 


PflnnfMfl w, l .. ....... ... 


l 


0 27 

0 1*2 

0 27 

0 21 

0 3*6 

0 2*8 

0 3*4 


rottUtw ^ iwgwftttoou i >•»»■•€•• mihm 

Unit ms anlcwn .... . 




0 3 

0 2*9 

0 2*8 

0 2*9 

0 4 

0 3*2 

0 2*5 


Head.,.*.»< 

4 9 


4 19 

4 10*5 

4 8 

4 6 

4 6*5 

5 0 

4 7 

4 12 

1 

J3Hn and wool (with foei> do.) . 

18 9 


17 5 

13 10 

19 14 

10 10 

-MS 

13 0 

13 6 

13 0 

13 2 

rpo+nl UrtffiJ 1* nJkWf .. . . 

59 9*0 

65 l 


00 57 

68 m 

53 10*7 

53 111 

64*1*9 

07 4*6 

08 S 

AcMfllA .. 

83 0 

83 8 

89 0 

81 8 

81 0 

78 8 

84 9 

87 0 

84 19 

80 12 

Lou by evaporation, ewer in vreighixig, too ,..... 

0 0 

-0 0*2 

0 0 

0 0 

0 0 

0 0 

0 0 

ID 

0 0 

0 0 

Live-weight after fluting... 

m 

148 8*8 

149 15*9 

141187 

148 10*9 

189 27 

136 13*3 

|15l 8*9 

149 0*0 

138 15 


* Pot partioulm of the feeding experiment, ftifer, raider the hood of M Experiments with Shoojv-Sorios 2,” 
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Food *. Moderately Fattened. Bred, fed, and killed at Eotliamsted.—Period of Feeding 
Killed October 17,1848. 



Lot 3.—Food :— 
Barley—in fixed quantity. 
Clover Chaff —Ixbttueu 



Lot 4.—Food 

Malt—in fixed quantity. 


Means of— 




Clover Chaff —ad i 



V .i t 

*r in 

T O 

T *.J 4 

Tlw 

rvi 

No. 11. 

No. 12. 

No 13. 

No. 14 

No. 1C. 

No. 16. 

No. 17. 

No. w. 

No. 10. 

No. 20. 


m 

JjOt ili 

J jOif 

At 

Slump. 


Ibe. os. 

117 0 


lb& oz 
L18 0 

lbs. oz 
125 0 

lbs. oz. 
117 0 ' 

lbs. oz. 
122 0 

lba oz. 
120 0 

lbs. oz. 
119 0 

lbs. oz. 
124 0 

lbs. oz 
121 0-4 ) 

lbs. oz. 
121 6*4 1 

lhs. oz 
120 6*4 

it*. oz 
120 6*4 

llw. oz. 
129 14-4 


134 0 


154 0 

154 0 


144 0 

141 0 

m 


151 14*4 

m 

148 3*2 

144 9-6 

148 10-8 

142 7-1 

129 7-7 


140 1-1 

142 9*2 

133 6 

136 10 

130 2 

138 7*7 

144 9*2 

145 0*6 

140 4*9 ' 

139 1*7 

135 10*2 

140 0-3 

4 8 

8 13 

4 5 

4 3*5 

4 14 

3 2 

3 8 

3 3 

3 7 

4 3 


3 9*2 

4 4*5 

3 7*8 

3 13*4 

13 5 

9 9 

15 6 

14 0*5 

14 14 

11 14 

11 4 

7 5 

10 8*5 

12 14 

18 7*3 

9 14*6 

13 6-9 


11 14 

6 1 

4 11 

6 15 

5 5 

6 2 

4 7 

4 9 

5 2*5 

5 1 

8 1*5 

6 7*7 

7 13*4 

5 13-2 

5 7*4 

6 6*4 

2 2 

1 8 

1 13 

1 14 

1 13 

2 2 

2 l 

1 12 

1 15 

l 15 

2 8*3 

2 7*2 

l 13*2 

1 15*4 

2 8 

3 11 

3 8 

4 5 

2 12 

3 14*5 

3 2 

3 6 

2 14 

3 5*5 

3 14 

4 5*3 

3 4-8 

8 101 

3 5*1 

3 10*3 

2 5 

2 3 

2 5-5 

2 6 

1 12 

2 11 

2 11 

2 11 

2 7 

3 0 


2 13-6 

2 3*1 

2 11*2 

2 90 

0 7 

0 9 

0 8-5 

0 8-5 

O 9*5 

O 7*5 

0 9 

0 8 

0 8 

0 9 

0 8*6 

0 8-7 

0 8*5 

0 8-8 

0 H-5 

0 4-3 

; | 

0 7 

0 8*5 

0 7 

0 7*5 


0 0*5 

0 9 

0 0 

0 7*7 

0 8*8 

0 7-8 

0 8*7 

0 8-1 

1 9-5 

0 18 

1 4 

1 1*5 

1 4 

1 

1 2 

1 6 

1 1-5 

1 4 

1 5 

1 7*1 


1 3*2 

1 3*6 

1 4;4 

6 0 

0 2 

5 9 

5 4 

5 15 

C 0 

t 

6 10 

5 8 

5 15 

0 8 

6 13*8 

5 7 

5 12*4 

5 IB 

6 11*1 

1 13 

1 11 

1 10 

1 12*5 

1 14 

1 10 

1 12 

I 12 

1 10 

2 4 

1 15*8 

1 13 

1 12*1 

1 12-8 

1 m 

0 0-0 

0 1*7 

0 1-4 

0 2*8 

0 1*7 

0 1*2 

0 1 * 


0 1*2 

0 2 

III 

0 2*8 

0 1*7 

0 1*4 

0 B 

0 2-7 

0 2-4 

0 2-9 

0 3*8 

0 2*2 

0 w 

0 2*5 

0 2*7 

0 2*7 

0 8*3 

DJ 

0 2*9 


0 9*6 

0 9*6 

0 3-7 

0 8-1 

0 3-4 

0 2*5 

0 3*3 

0 8*1 

Q 3 

0 8*3 

0 2-8 

0 8-4 

■ 

0 3*1 

0 3*2 

0 3*1 

0 3*1 

4 9 

4 1-5 

4 10 

4 11 

5 4 

4 3 

4 13 

4 3 

4 7 

4 12 

4 8*5 

4 9*5 

410-3 

4 8*5 

4 0-2 

18 2 

11 18 

13 0 

14 13 

18 7 

11 10 

15 3 

15 4 

14 9 

11 11 

14 6*1 

12 11 

18 84 

13 10*5 

13 8*9 

59 15-1 

51 7*7 

02 15*7 


esTT* 


rg 


55 11*7 

ll 18*2 

m 

57 4*5 

50 5*7 

86 1*4 

19 

82 8 

78 0 



80 0 

m 

E 

QD 

77 12 

81 12 

82 0 

88 0*4 

79 15*2 

79 8*5 


0 0 



0 0 

0 0 

i 

yiri 

1 



m 

■jU 

-0 3-2 

IDE 

nQ 

142 7'1 

120 7*7 


140 H 

142 9-2 

I3B 

18010 

130 2 

jl» 7*7 

144 0*2 

jjjj 


139 1*7 

13510-2 

140 Oil 


< ( t 

I 




. * r 


*■*. ( > * 
4 *- 




I 


■i 


l 
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Appbsdh.-Tjjjlb XXXI . Showing the Actual Weights (lhfl. a° d oss.) 

OijAjbs XVI—-25 Sheep oiEmpthm Bom Breed , divided into 6 Lots, each with different Food*. 

Killed 


Designation of Part*. 


T«t 1 —Wood ■- Lot 2 -FoodLot 3.-Food 

Barley (ground)—in fixed quantity. Malt (ground), and Malfrdiist-in fixed Barley (ground tuAjfupedHaM 

ita^sar 


Original weight. 


No 

.7. 

No, 

.8. 

No 

.1). 

No. 

10. 

No. 

11. 

No. 

12. 

lbs. 

08. 

lbs. 

08. 

.bn. 

08. 

lie. 

OR 

lie. 

08. 

lbs. 

08. 

130 

0 

123 

0 

L30 

0 

133 

0 

127 

0 

137 

0 

153 

8-5 

148 

8-5 

177 

1 

164 

8-6 

147 

0-6 

153 

12 

144 

8-5 

138 

19-5 

166 

1 

144 

8-5 

130 

13-5 

U7 

0 

1 3 

0 

8 

To 

4 

6-5 

3 

i’i 

3 

0 

8 

12 


Content* of stomach*.. 
Oaal'fst . 


4 11*5 4 12 6 4 6 6 6 14*5 7 1*5 6 14*6 4 11*6 0 6*5 6 7 6 4 4 ll'Bj 

,,.7 6 6 10*5 6 5-2 6 18*5 6 2 7 6-8 7 0 7 0-6 6 3 5 10 7 H-5 8 9 


Large intestine* and contents. 
Intestinal fist... 


2 7 1 15*5 2 7 2 10 2 0*7 2 10 1 8 1 16 8 0 1 1.T6 1 16 210-6 

,. 2 1 8 7*6 8 10 2 15*4 8 W7 8 6*6 2 8 8 2 11 8 7 2 3*5 2 0 9 10*2 

. 3 8*5 4 12 4 8 8 18 2 11*7 2 13 4 2-8 3 6*6 3 12 8 8-3 2 0 3 9-6 


| Heart and aorta.,.0 9 0 11 0 19* 0 8-6 0 11*4 0 9-6 0 9-6 0 8-6 0 11-6 0 10-8 0 0-1 0 10-2 

| Hart.fct_. 0 7-4 0 8 0 10-4 0 8-7 0 18-7 0 8-1 0 13-8 0 13-4 0 11*3 1 3-8 0 9-7 0 14-2 

J, Long*andjrindpSjw. 1-8-6 1 7 1 15 1 6 1 0 1 8-8 1 77 1 10 1 127 1 07 1 6-6 1 12 

.1 Kood ,.|. 6 8 6 7 6 14 0 1 5 14 5 8 5 10 4 15 7 11 6 1 6 8 6 6 

} &„*. .l'. r . 2 0-8 2 24 1 15 2 2-2 2 2-8 1 14 2 0 1 11-6 8 11 1 15 1 13 8 17 

. 0 1-2 0 0-8 0 0-6 0 07 0 1-4 0 1-2 0 0*6 0 1-8 0 1-8 0 17 0 0-8 0 1*1 

j ,,&^i4wiali6eiur’’>.. ..M.... 0 87 0 '4*6 ‘ 0 4-8- 0 4 <1 4 0 44 0 8-2 0 4-2 0 4-2 0 3-9 6 47 0 37 




0 8 0 4*6 0 4 0 4 0 87 0 8-2 0 2-4 0 


4 12 4 9 4 11 4 6-5 4 12-6 4 12-8 4 8 4 2 6 3-8 , 4 8-6 ; ,4 67 4 10-5 

9 14 10 14-5 11 9 10 3 8 16 10 10 10 2 0 8 • 12 1-6 ffrll 0 10-6 10 16 

012- 7, '8-0 6 12-6 7. 8 6 7*6 6 16-6,10 8-0 0 8-0 9, 1; 



0 4-2 0 4*4 0 4-2 



67 H 60 14-9 
80 0 05 0 8 

1 87 12-1 


166 1 144 8-5 


^ J \ * - r -I 

particular* of fihe libd ltandl odC! ^BhqpseixnagatB witb j9heep>^3eDrie« 4h* f th Ardfile-^Bhe^ 

fflgj^taent concluded on May29th, B^iWeen that date and the date of killing (June 13), the eitlisr gained 
o^i of. the feeding eocperimaot The facte here rtated, will of opnree aooornt for the diffiaraaoes that oooar 
jeJaperwfatwdio, ' J ; ' , » 1 


I 

7 12 

M 6-6 

61 24 

80 0 

'i 

85 0 

a 7 

0 187 























Moderately Fattened. Bred, fed, and killed at Eotliamated. Period of Feeding Experiment 70 days. 


June 18,1849. 


Lot 4.—Food;— 

Molt (ground end sttepei), and Malt- 

Lot 5—Food.— 

Halt (ground), and Malt-duet—in fixed quantity. 

r 'll 'l 

Lot 6.—Food — 

Oiloako—m fixed quantity. 

Mimmlrlfl— ml. UhltlWL 

MranH uf~ 

dust—in find quantity. 
Mangolda-ai libitum. 

jULangoxaa — mmn. 







Loll. 

Lot 2 

Lot,'). 

Inti 

Jjot 5, 

1*1 6. 

The 

26 

8h«i|> 

No. 18 

No 14. 

No. 15. 

No, 16 

No. 17 

No. 18 

No. 10. 

No 20. 

No. 21 

No. 22 

No. 23. 

No. 21 

No. 25. 







lk oz 
144 0 

lba. oz 
144 0 

lba. oz. 
135 0 


lba. oz. 
134 0 

iba. oz 
145 0 

k oz. 

134 0 

lba. oz. 
130 0 

lba. oz. 
117 0 

Lba. oz. 
150 0 

be oz. 
135 0 

[be. oz. 

131 0 

k oz 
120 0 

lw oz. 
12912 

Ih ox. 
12612 

Ih ox. 
131 0 

be. oz. 1 
140 O 1 

k oz, I 
33 3*21 

k oz. ! 
34 0 

be. ox 

132 15-4 



163 12 

Hi 

152 4 

158 12 


154 8-5 


166 85 

155 11 

148 9 


149 10-2 

149 2 

158 3*7 

168 16-7 1 

164 4*1 

161 5-6 

153 Id 



149 12 

143 3 

148 4 

m 

143 11 


152 6 

151 8-5 


144 1 


141 9’3 

■ 

149 5*7 

148 0-71 

140 3-3 

146 11-6 

145 14-6 

KD 

3 4 


3 7 

3 13 

3 13 

413 

3 13*5 

4 7-5 

" 8 10-4 

4 6 

8 10 

3 14 

3 13-3 

311*3 

3 13*8 

3 12*2 

4 2*2 

3 14-8 

3 13-8 

8 18 

4 12 

7 8 

6 15 

7 5 

0 15 

714 

12 4 

11 4-5 

6 8-6 

610 

6 13-5 

G 11-5 

5 4-4 

KE2 


6 14-7 

0 11*7 


7 02 

6 0-5 

m 

9 1 

6 5-5 

5 12 

5 95 

6 11-5 

714 

413-5 

7 10-5 

7 8-3 

0 2 


0 8-R 

7 o*;i 

0 10*7 

7 3-3 

0 2*5 


6 11-8 


1 6 


2 7 

1 14-5 

2 8-7 


4 3 

2 8-7 

1 8 

2 1 

1 8-5 

2 1*5 

2 5-0 

2 0*4 

3 5-9 

3 0*1) 

2 11-5 

1 10-4 

2 3-7 

2 157 

2 1-2 

2 7-7 

2 15 

3 0-5 

3 10 

2 1 

3 4-5 

3 4 

3 6'« 

3 1 

2 8 

3 2 

3 1-5 

9 13*5 

2 11*6 

2 9*9 

3 0*8 


214-3 

8 4-8 

0 It 

' 1 

4 11-5 

2 14 

4 8-5 

4 7 

2 4 

2 10-3 

3 9 

3 5-6 

4 8 

2 8 

2 1(1-5 

3 15*9 

3 4*!l 

3 1-8 

3 0*3 

3 11*4 

3 4-2 

3 8-1 

0 9-4 



0 10 


0 10-3 

0 10-3 

m 

0 9-5 

0 9-9 

0 10-5 


0 11 

0 10-2 

0 9*7 

0 10*8 

9 0*6 

0 10-1 

0 10-6 

0 10 


0 10 

0 13-5 

0 11 

0 11-6 

ns 

0 10-4 

0 10-5 

0 11 

0 12-6 

0 11-1 


0 7 

0 8-6 

0 13*3 

0 12*1 

0 12 

on 

0 9-7 

0 11 

1 9*9 

1 7-5 

1 7-3 

1 6-7 

1 13 

l 6-5 

1 7-3 


1 10 

1 6 


1 8-5 

I 0-5 

l 9*1 

1 8*1 

1 9-8 

1 7*9 

1 8-2 

l 6-7 

1 8-2 

6 15*5 


5 14 

5 16-5 

5 3-6 

5 7 

G 3 



6 12* 


5 11 

5 15 

611*5 

6 7*8 

6 5-4 

612*7 

5 135: 

HQ 

5 139 


110 

2 6 

113-7 

211-8 

118 


1 13-8 

9 3*7 

2 3 

2 9 

2 9 

2 6 -3 

3 1*1 


3 2-2 

1 15*6 

3 3-3 

2 6-1 

2 1-6 

0 W 

0 1-8 

0 2-7 




0 2 -2 

0 2-4 

0 2-2 

0 1-9 



i««iat 

0 08 

0 1*2 

0 1-4 

0 1*7 

US 


0 1*4 

0 4*5 


0 4 


0 3-8 


0 4 


0 4-7 



0 3-5 

0 3-3 

0 4*1 


0 4-1 

0 4 

0 3-8 


0 3*8 

0 8*8 

0 8-4 

0 4-7 

0 3 

0 3-4 

0 8 

0 4-5 

0 4*4 

0 4-3 

0 8-8 

0 4 

0 4 

0 3-4 

0 3*8 

9 3*3 

m 

0 3*7 

0 3*0 

0 3-0 

0 3*8 

4 15 

4 9-5 

4 8-8 

4 7 

410 

4 15 

4 9 

41 5-8 

5 3-5 

4 11 

4 5-5 

4 9 

411 

4 9*4 

-4 7*5 

4 1H 

4 10 

4 11*8 

4 9-3 

4 9*9 

11 13-5 

9 11 

911 

10 5 



1114 

11 4 

12 0 

11 4-5 


11 0 

11 12-5 

10 10*1 

m 

10 13-6 

10 0*1 

11 1-8 

11 9-4 

10 1(H) 

8 10 

810 

5 12 

6 15 

11 4 

8 12 

8 7 

7 3-5 


m 

8 11 

0 9 

610 

0 14*3 

B 2 

7U-7 

7 7*7 

«WTV l*M*h 

8 4-1 

7 M 

, nwr^* (*■(*«*• i 

710 

65 5-3 

{4 16-8 

41 8-8 

5711 

64 !)•!) 

0314-1 


67 13-5 


69 13-5 

63 0 

60 4-6 

59 7-7 

68 4* 

58 3*7 

0013*8 

6912*9 

64 11*4 

59 19-4 

"ST 

86 0, 

90. 0 

87 9 

84 0 

81 0 

89 0 


89 0 

m 

89 0 

85 0 

86 0 

76 0 

82 8 

80 4 

86 9 

6612 

83 6*4 

m 

9314*1 

£ 4-7 

0 10-2 

t ,8-2 

1 8 

210-1 

-0 14-1 

1 0-4 

-0 2 

212-9 

211 

111 

1 12-4 

2 2-3 

012*5 

2 3*3 

3 09 

* 1 7*8 

1 1-8 

« 1*2 

1 N 

153 10 . 

145 10 

14912 

148 8 

148 4 

152 0 

143 11 

141) 11*5 jUS 6 

161 8-5 

149 11 

144 1 

137 10 

jwi 9*8jl40U 

140 6-7 

' 148" 07 

149 3-3 

aw" 

145116 

146 14*6 


<i * iWH *< 


MDOOCUX. 


>' 4a 




















































MB. J. B. LXWEB AND DB. J. EC. GILBERT ON TUB COMPOSITION OF 


AiTisira—T able XXXII. Wmwlt* H>o jMml !&¥<• O 1 *' 1,1111 <“"•> 

Cum XVH.—14 Sheep of UmpeUre Dom Breed, divided bta 8 I«le-F«l (or if I .laj», 

and Mangdlda, and Lot 8 mill Oilcake and Mangold.. Total period of Wmlinff BvlKTiiuonl«« dn)«: 


Dodgnotion of PartA. 


|ji»t 1 Kooil 

Clmif Clin IT in Ou'tl quitulily. 
Ka«li*»h Turni]w, highly mumtml, or 
Mangolds uti hint"in. 


Original weight.. 

Knal weight, unfastod (molinling shorn wool)*' .. 
Pinal weight, after fluting (including shorn wool)* 
/'Stomachs .. 


tn< in i • * 


iOm **•» 


No I. 

IIH, (Id. 

140 0 

m o 

140 0 
8 


Contents of stomachs ..... ■•■•I 


Cool-M. 


Saudi inteatinae and oouh^^... 3 ^ 

Large intestines and oontante... 3 I5h4 

Intestinal fat .... ® 

Heart and aorta ... 3 ^ 

Heart-Art. 0 

LnngB and windpipo . 1 

Blood. 3 

IAvar. * ® 

GhiD-hladdar and oontonte. 0 W* 

Pancreas (“ sweetbread”) . ® 33 

tfQL or spleon. 3 


I SHa (with feet, to.). 

VWool peevfonsly diem*.......«.... f _• 


Total‘‘oflhi” parts........... 

Carcase .............. 

Loea by evaporation, error in weighing, to... 


Live-weight after fluting.........1140 6 


No. 2. | 

Urn. oa . 
131 0 

153 0 

115 0 

3 4*5 

8 5*5 

5 11 

3 3 

3 1*5 

8 13 

0 3 
0 10*7 
l 4 
5 10-5 
1 15 


4 10 
10 H'5 


0 8*0 
0 3*8 

4 14 
10 7 
0 0 


No. 3. 

11m. o/, 

135 0 
101 13 
151 13 
3 0 
0 13 

7 4 

8 0 
3 3 
3 18 

0 0 
0 18 
1 (1 
0 3*5 

3 7 

0 3 *8 
0 4 

4 9 
10 18 

7 18 


No I. 

Him. oa. 
130 O 

150 0 

113 O 

3 13 

7 4 
0 7 
3 0 

3 13 

8 13*5 

O 8*7 
0 10-1 
1 7*3 
5 8 
l 15 
0 09 
0 4 
0 3*4 

4 10*7 
011 
8 0 



63 6*4 

68 0*0 

86 0 

81 0 

8 0*0 

8 6*4 

151 13 

1 

"ua Y 


No. ti¬ 
ll M 04. 

138 0 
150 15 
113 15 
4 3 
0 9 
« 0 

3 10*0 

4 0 
3 3 

0 9*1 
0 11 
1 0*0 
0 1 

3 1*3 
0 0*7 
0 4 
0 8*0 

4 10*8 
10 1 

718 

"WTJ 
76 0 
3 H 
ua 15 


* Wool shorn May 20. 






























SOME OF THE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD. 023 


of tho individual Organs, and other separated Farts, of SlIEEP. 

with Clover-chaff, and Turnips differoutly manured; then, for 33 days, Lots X and 2 with Clover-chaff 
namely, from March 7 to Juno 11. Bred, fed, and hilled at Eothaiustod. Hilled Juno 12,1840. 


Lot 2—Food.— 

Olovor Oliftff—in fixed quantity. 
Swedish Turnips, miuiurod with 
Superphosphate of Lime alone, or 
Mangolds —ad Uhltumu 


Txil 3.--Food •— 

(ilovor ClmiT—in fixed quantity. 
SwodiBliTurnips, uninnimrod —ml ftbifum, or 
Oilcake-"—iu fixed qimntitj. 

Mangolds- -ml hfufnui. 


Moans of- 


fjot 2. Lit il. 


No. 0. No. 7. No. 8 No 9. I No. 10. No. II. No. 12. No. hi. No. 14. 


0 4*3 


3 0 4 8 

10 13 10 1 

8 13 0 18 


Ml it-a 


144 S‘7IM4 OH 


3 141*5 3 


01 1*3 
85 0 
-0 0*8 


3 12 3 5 3 13 3 7 8 H 

87 83 7 3 58 10 3 

8 7*5 6 6 « 13*5 10 5 4 4 

9 4 3 1*5 3 14 3 4*5 3 3 * H | 8 

3 0*4 3 3 3 3 3 7 13 12*5 

4 13-0 3 14*2 3 10 5 Oft 3 3*ft 

O 0*4 0 HH* 0 10*3 0 0 0 10 

0 13*4 0 10 0 11*5 0 6*5 0 0*5 

1 4*7 1 12 1 8*3 1 8 1 HA 

5 8*5 0 H‘5 5 10 5 7 8 HA 

2 5*2 8 5 3 4*5 2 3 2 2 

0 1 0 3*3 0 3 . 0 1 

0 4*1 0 3*5 0 3*3 0 2*8 0 6 

0 4*5 0 3 0 3*4 0 8*8 0 3*8 


4 2*5 4 0 4 14*6 4 0*5 

7*5 11 14*$ 14 2 11 11 8 14 

3 8 0*5 5 10*5 10 l 0 0 


03 11 
84 0 
-1 4*6 


8*3 50 


Tl» 

il 

Hlieqi. 


Ilia w» 
133 M 

153 150 

144 14*4 


7 0*7 7 0*2 


01 0*5 
81 5*2 
1 10*7 


169 8*5 


135 13 IlSO 0 [145 10 














































Separate parts of the ** 


624 MB. J. B. LAVES AND DB. J. 1L QILBEKD ON THE COMPOSITION OP 


Aipbsdu.—T iSM TYYTTT. Showing lito Actual Weight* (lbs. and oss.) 

H r. a an XYXXL—21 Skoop of variouw Brcotln aud Modoa of 


Designation of Parts. 


TCanmshiro Down Brood. 
Killed Doc-ember 18, 1 851. 


Huhw'\ Down UnHHl. 


Original weights .. 

Final weight, unfostod. 

Final wwgh(» after foaling. 

’'Stomachs . 

Contents of slomnuhs .. 

Oaul-fat tMIHlt I lllflH t I* t* 

Small intestines and oonlontn.. .. 

largo intestine* aud oonlonin. 

Intestinal fat.. 

s Heart and aoria .. 

% Hoart-fat. 

lungs and windpipe ... 

■ Blood ... 

Lwer . 


Ibfld .. tlMlt . . 

Skin and wool (with &et» Ao.) 


Loss by evaporation, error in weighing, && 


No. 1 . 

No 2. 

No. 3. 

No. 4. 

11k oz. 

11ms. os 

* • i * * 

lbs. 02. 

lbs. o& 

• •* 

324 0 

224 0 

243 0 

218 0 

211 0 

314 0 

331 0 

200 0 

4 1 

4 11 

2 8 

4 2 

2 18 

10 15 

0 12 

5 8 

14 14 

11 18 

1.1 8 

13 12 

1 18 

2 3 

2 li 

3 4 

2 8 

8 10 

3 0 

2 10 

0 0 

4 4 

0 18 

ft 10 

0 IS 

0 12-5 

0 14-0 

0 12 

0 7 

0 8 

0 1.1-5 

l 4 

9 1 

9 0 

1 15 

1 7*0 

7 3-6 

8 0 

8 8 

7 3-0 

8 1-5 

9 94 

3 3 -5 

3 a 

0 S-3 

j 

0 9-0 

0 0-3 

0 14 

0 4-0 

0 3-6 

0 4-0 

0 4 

0 4-0 

0 0-6 

0 0*5 

0 0*9 

0 1 

0 0*7 

0 14 

0 0-0 

0 7-0 

5 14 

0 4 

6 9 

SO 0 , 

94 0 

29 8 | 

10 19 

(fi 0) 

(0 0) 

(0 4) 

(7 8) 

Hsim 




73 6-9 

89 04 

81 8-1 

09 l i 

187 8 

180 4-0 149 10-6 189 U-0 

1 14 

1 H4 

— '0 0*6 

-0 9-5 

m o 

214 0 

981 0 

209 0 


11k o/i. 

7(1 0 
158 0 
150 0 
8 4 
S 0 
H 0 

a a 
a o*5 

4 1 

I 0 0 
0 0 
1 3 

5 0 

a a 
o oo 
o a-6 
o s 

0 0*5 
4 0 

w $ 

(0 0 ) 


No. (1. No. 7. 

IIw «»/. 11 w os. 
85 0 01 0 

NIC 0 181 0 

158 0 17(1 0 

ft 11 10 

•1 1.1 t 14 

7 1.1 1.1 10 

2 tt 2 0 

2 0 2 11 

5 1.1 5 5 

0 11 0 10 

0 0 0 10-5 

1 10-5 1 5 

(I 8-5 5 15 

2 55 2 .1 

0 0*7 0 2-2 

0 1-8 0 8-5 

0 5 | 0 5 

0 0-5 0 1 

4 4-0 4 0 

18 8 10 8 

(8 0) (7 8) 


N.t. 8 

No. 0 

llw «t/. 

81 0 

Uk u/„ 

70 o 

1U3 0 

150 0 

155 0 

143 0 

3 14 

2~ 

4 0*5 

>1 0 

11 11 

7 74 

1 15 

1 (1 

2 2-5 

2 II 

0 o 

3 7 

0 10-5 

0 12 

0 8 

0 l 

1 0 

1 10 

0 0 

5 li 

a 24 

1 8-6 

0 1 

0 04 

0 2 

0 4-8 

0 4 

0 04 

0 0'7 

0 0*5 

4 6 

4 18 

10 8 

j 

18 0 

(0 0) 

(8 0) 

09*13-9 

55 10-7 

90 04 

80 9 

-1 3*7 

-0 3*7 

** m iia 

100 0 

14* 0 


* 


No Nl 

11k 0/ 

81 0 

181 0 

171 o 

8 1.1 

5 8 

0 11 

2 1 

2 H5 

.'» 2 

0 11 

0 114 

1 0-5 
7 11 

2 0 

o H 1 
0 11*8 
0 0 
0 08 
! 15 
I 18 4 

i a 8; 


nr, the weight of wool shorn in tho previous Hpriag, la not included 
proportion* of tho didbront porta, which are recorded, in i,p|wndix« 

































SOME OF THB ANIMAIX FED AND SLATOHTEEED A8 HUMAN FOOD. 625 


of the individual Organa, and other separated Parts, of SI1EP l*. 
Feeding, about !£■ year old j of more than Average Fatness. 






LciucelerH and OrooM-bmle Killod Dowmbw 21, IHW. 


Menus of - 

_ _ _ 2- r 


Killed Dooombor 18,1801. 


Cvotw- 

hrud 

Hwo 

Croart- 

Im-il 

Wotlmr 


Ixm-ator Wot hem, 


The 

1 

HiiiiIm 

IkmiiH 

The 

ID 1 
Suwx 
IJimim. 

Tlie 

7 

M.-ieiwti'W 

ami 

I'nrw- 

bn-tln 

Tim 

21 

Sheep 

No. 11. 

No. 13. 

No. 13. 

No. 14. 

No. 15. 

No. Jli 

No. 17. 

No. 18. 

No. JO 

No. 20. 

No. 21 


lhe. os. 1 
8!) 0 

be. ox. 1 
79 0 

be. ox. 1 
83 0 

1m. 02. 

81 0 

llw. ox 

1)0 » 

llw. ox, 

83 0 

Him, ox. 

HI O 

tw 02. 

88 0 

Him. 02 . 

88 O 

Ik ox. 

77 ft 

Iw. OX 

86 0 

Ih <»/„ 

M 1 

Iw. <rx. 
83 8 

llm ox 

85 11-4 

llw. ox 
tm ii*4 

180 0 

160 0 1 

193 0 

L83 0 

108 0 1 

171 0 

195 0 

103 0 

73 0 

40 O 

48 0 i 

127 4 1 

73 4-8 

103 6-8 

170 15*3 

183 0 

157 0 1 

184 V 

173 0 

.31 

109 0 

184 0 

143 0 

103 0 

33 0 

30 0 

110 4 1 

05 1-0 

153 13-7 

170 13*9 

8 10 

8 6 

3 13 

3 11 

3 » 

3 14 

4 8 

3 11 

4 4 

3 12 

4 0 

3 13-5 

3 77 

3 15-2 

3 11*3 

5 H 

1ili l 1 

7 0 

4 10 

7 13 

7 10 

0 1 

0 9 

0 2 

8 12 

8 9 

7 4 

4 10-0 

7 11*4 

fl 3-8 

13 0*0 

9 10 

*10 1 


0 8-0 

0 3-0 

0 11 

3 10-0 

0 3 

3 10 

3 14 

13 7-7 

10 2*3 

5 0-2 

0 1-1 

1 13-5 

1 10 

110 

3 0 ' 

2 2 

3 (1 

3 0 

9 0 

2 10 

3 3 

2 11 

2 4-5 

1 15*41 

2 107 

9 4-8 

8 a 

in 

3 3 

3 10 

3 14 

3 14-0 

3 8-6 

3 3 

3 4 

3 H 

3 9 

2 15 

2 11-0 

3 0-3 

3 lfi-0 

0 4 

8 13 

0 8 

0 4 

3 H 

1 13 

3 0 

2 4-2 

2 13 

1 tl-7 

2 2 

0 1 

5 0-3 

2 «-8 

4 6-7 

0 10-0 


O 18 

O 13 

0 8*7 

0 I1I-K 

0 10-0 

0 11 

0 11-5 

0 ft 

0 II 

(l 12-7 

0 11-3 

o 1IH 

ft 11-9 

0 13 

m 

l 3 

0 9 

O 13 

0 137 

1 HI 

0 13-5 

0 12-5 

0 135 

0 11 

0 12-1 

0 0-7 

O 23-3 

0 11-4 

1 0-0 

IN 

1 7’6 

1 0 

1 3-7 

1 4 

2 10 

1 8-0 

1 11 

1 95 

l 12-5 

1 1.1-9 

1 0 

1 lO-B 

1 0-1 

0 7*5 



7 3*0 

6 3 

8 9 

0 14 

6 18-0 

0 10-5 

0 8 

0 0 

7 11-4 

0 7-8 

f 

5 15*8 

0 8-9 

a e 

2 8 

8 7 

a 4*0 

8 0 

8 0 

8 18-0 

8 8 

8 7 -0 

8 7 

9 *, 

312-1 

a 3*2 

2 4*0 

a 5*4 

IDS 


0 8*5 

0 1*0 

O 0*0 


0 0*7 

0 1-8 

no 

0 1-3 

0 w 

ft 2*1 

0 1*3 

ft H 

0 1*4 

0 8*8 

0 3-5 


0 4*3 

0' 8*3 

o n 

0 2-8 

0 2*3 

ft 8-7 

0 2-8 

0 8 

0 4-1 

0 3-0 

0 2-4 

0 3-3 

0 5 



0 0*3 

0 8*0 

0 3-0 

0 4 

0 3*8 

0 3-7 

0 3 

0 8-0 

0 0-S 

0 5-4 

ft 8 -5 

0 4* 

lie 


0 0*7 

0 (HI 

0 1 

0 0-8 

0 1*4 

0 0-7 

0 1 

0 1 

0 1 

0 0-9 

0 0-7 

0J 

0 (Ml 

4 8 

4 7 

4 13 

4 14 

4 8*0 

4 8*5 

1 

4 3*0 

4 7*0 

4 8-5 

4 4 

8 18-0 

4 9-1 

4 4*8 

4 10*9 

18 4 

16 8 


18 4 

17 U 

19 4 

81 0 

20 4 

80 0 

17 4 

19 4 

20 1 

17 4-2 

19 0*9 

18 8*1 

(7.0) 

(0 0) 

(0 8) 

(7 4) 

(7 0) 

(6 8) 

(8 0) 

(8 0) 

(8 0) 

(8 0) 

(8 0) 

(6 15) 

(7 6) 

(7 lft-3) 

(7 0) 


MMU 


#»•*»« 

Him 

0 1 


• tut*' 


0 3 

1 1 M *» 

IMItt 

tliltl 

0 8 

V ttw 1 

0 3 

flaTi 

54 18-9 

m 

sris 

\m 

01 6 

ESI 

■¥5f 


07 0*3 

09 8-0 

70 0-1 

ot £55 

r 00 13-8 

04 8*0 

118 8*8 

88 7 

116 8*0 

m 

08 7 

98 14*7 

113 18 

80 7*0 

99 3 

74 6 

80 9 

139 0-4 

103 8*3 

1 92 1*8 

100 57 

II 

5 1W 

o n 

1-0 8*1 

JHff 

-1 47 

KH 

-0 6*8 

IKE 

ft 3*7 

-1 1-0 

0 8*5 

0 <W 

-0 17 

II M 

183 O 

107 D 


173 ft 

'l0O 0 

)09 0 

184 0 

"uSTT 

103 0 

5TT 

5TT 

i 

ifiTT 

iss 

ixiaw 

fro 55 


father in tho wiorded “ Final Weight," orto the ram-of item* it the time of ilwjhtertyf. Nor, U ittakin iota (wwunt in oalttulntijjff the JhWHfttgt 
Table LVTIl It le, however, given stove, pwenthetioiDy, u Kea«M&Bt. , + ' ' ■* 


4 ir . 


MBOCOUX. 
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Appendix.—Tail® XXXIV. Showing the Actual Weights (lbs. and oz.) 
Class I.—9 Pigs, divided into 3 Lots, each with rather different Pood *. 


Designation of Parts, 


Original weight .. . 

Pinal weight, unfaatecl. 

Pinal weight, after fasting. 




Um. oz. 
156 0 

210 0 

200 0 


(Stomach and contents . 

Caul-lat.. ...... ... *• • • 

Small inteetinee and contents .| 

Large inteetinoe and contents . 

Intoatmal fob, u Bludgeon,” See. .... 


& 


Heart and aorta. 

Lungs and windpipe.......... 

Blood... 

Liver . 

Gall-bladder and oonlentB... 
Panareas (“sweetbread”) . 
Milt or spleen. 


Lot 1.—Food:— 
Bean and Lentil inoal—m 
fixed quantify. 

"Bran —ad Kbit urn. 


No. 1. 


No. 2. 


lbs. os. 
142 0 

151 0 

144 0 


No 3. 


lbs. OR. 
130 0 

188 0 

175 0 


Bladder 


Penis (or uterus) ......... 

Tongue .......» 

Toes . 

(Miscellaneous trimmings 


«* 


4 6 
0 11 
9 2 
15 1 
1 13-5 

0 10-6 
1 9 
8 18 
8 8 
0 4‘5 
0 4-5 
0 5 

0 1-8 
0 8 
1 2 * 
0 4 
0 18 


2 2 
0 10 
2 12 
5 3 

1 1*5 

0 8 
1 8 
0 II 

2 0 
0 28 
0 5-5 
0 4-5 

0 1-2 
0 6-8 
1 0 
0 2-6 
0 5 


Lot 2—Food:— 
Indian inoal— in itxed quan¬ 
tity. 

Bran— libitum. 


No 4. 


No. r>. 


lbs. os. 
149 0 

186 0 

178 0 


11m. ox. 
138 0 

190 0 

178 0 


2 4 -6 
0 11 

5 14 
8 12 

l 2-5 

0 8-6 
1 11-5 

6 8 

3 0 
0 1-8 
0 4-6 
0 7 

0 1-5 
0 6 
0 18-6 
0 3 
0 8 


2 7 

1 6 

3 12 

5 0 -6 
2 75 

0 9 
1 8 
7 11 
2 5 
0 22 
0 0 -6 
0 4-5 


11m. os. 
129 0 

188 0 

176 0 


8 6 
1 1-6 
0 10 
10 0 
1 11-5 

0 6 

1 4-6 
7 2 

2 14 
0 1-6 
o a 

0 3-5 


No. 0. 


0 2-8 0 1-5 


1 2 
0 3 
0 |-8 


0 14 
0 2 
0 0 


3 4 
0 13-6 
5 4 
8 4 
1 0-6 

0 0 
1 8 
0 0 
2 10 
0 1-8 
0 4-6 
0 4 

0 1*5 
0 0 
013-6 
0 2-2 
0 3 


offal”; parts 






40 5;S 
147 14 
2 IH 


25 8-8 

\ 

[117 14 1 


82 04 
|139 4-6 

im 


29 18* 
148 12-5 
-0 10* 


86 11 
188 14-5 
9 6-5 


$115* 
142 7-5 
0 9 





.BOO 0 


144 0 


175- 0. 


178 0 


178 0 


175' 0 


■ v- ■ i At jVt* A :a-. , 

* Vem mriiflnWtt' of terpens fi, 10, and li, under the .head of " B*periinettti 


■> j 





















SOME OF THE ANIMALS TED AND SLAUGHTERED AS HUMAN FOOD 


of tlvo individual Organs, and other ncpamtod Tartu, of TIGS. 

Somewhat under Fattened—tho Food coutaiuing ft eouaidorablo portion of Bran. 


Lot 3.—Food:~ 

Bean and Lentil ntcul, and Indian inunl 
— in fixed quantity. 

Bran— ml libitum. 

Meant) of— 

Ixi t 1. 

* 

Lot 2. 

Lot 3. 

Tim 

No. 7. 

No. 8. 

No. 0. 

3 hgu. 

3 IV- 

3 IV- 

0 IV 

lba. ox. 

137 0 

lba. ox. 

150 0 

S £ 
•« 
—“ 1-4 

11m. o/.. 

142 107 

lba. os!. 

138 10 7 

11k ids. 

141 0 

Him. ox i 
140 12 5 

201 0 

20-1 0 

210 0 

183 0 

180 6*3 

205 0 

101 7*1 

100 0 

108 0 

201 0 

173 0 

177 0 

108 5*3 

182 12*4 

3 12 

3 1 

2 11 

2 14*8 

3 0*3 

a 27 

3 0*6 

1 0 

l 1 

0 15 

0 10*7 

1 1*3 

1 1*7 

0 15*2 

5 7 

6 4 

5 12 

5 14*7 

5 3*3 

5 13 

5 10*3 

0 0 

10 1 

10 1 

8 10*7 

7 14*2 

0 11*4 

0 1*4 

2 05 

1 15 

1 6 

1 5*8 

1 13*0 

1 13*0 

1 10-8 

0 0 

0 8*5 

0 0 

0 0 

0 7*7 

0 H-0 

0 8*5 

1 15 

1 10*3 

1 13 

1 0*5 

1 0*8 

1 12*8 

I 07 

7 8 

7 5 

8 7 

7 0*4 

0 15 

7 W 

7 3*8 

3 0 

2 18 

8 8 

2 13*3 

3 0*7 

3 1*4 

2 13*5 

0 2‘8 

0 1*2 

0 2 

0 8 

0 1*8 

0 1*4 

0 2*1 

0 6*5 

0 4*5 

0-4*3 

0 4*8 

0 8*3 

0 5*2 

0 3*1 

0 5 

8 4 

0 3 

0 5*8 

0 4 

0 47 

O 4*7 

0 8 

0 2 

0 2 

0 1*3 

0 1*8 

0 2*4 

0 1*0 



0 8 

0 0*0 

0 0 

0 8 

*0 0*8 

0 15 

1 8 

0 14 

1 0 

0 15*2 

1 0 

0 157 

j 

0 8*5 

0 8 

0 3*5 

0 8*9 

0 2*4 

0 8 

0 2*8 

0 1*5 

0 3*8 

0 8 

0 7 

0 4*0 

0 3*0 

0 5*1 

36 12*8 

30 14-8 

37 15 

85 8*5 

83 1*4 

37 8*8 

35 6*1 

157 6 

163 0 

163 5*5 

135 01 

143 02 

161 0*2 

140 7*3 

\ 14*2 

-1 4*8 

-0 4*5 

2 7*4 

0 8*4 , 

-0 37 

0 14*8 

196 0 

198 0 

j 

201 0 

173 0 

177 0 

11)8 5*3 

182 12*4 


with Bfek-fcbt Pig Feeding,” Journal o£ the Royal Agricultural Society of England, vol rfr. part S. 
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Appbkdh.—Tabus XXXV. Showing tho Aehtal Weighln (lbu. mid okb.) 
Ciabs II.—12 Pigs, diviAod into 4 LoIb, each with rather diflbroul Pood*. Moderately 


Designation of Parts. 

Tio 

Bonn and £ 

No. 1. 

joutil meal - 

No. 3. 

ml lihifim. 

No. 3. 

Ixit 

Indian men 
llcuunml li 

No. 4. 

.2 Ifaiil: 

-in Hull <j 
mitd nictil 

NTo. ft. 

unut it y. 
ml hfulHiti 

mm- • 

No. 0. 



lbs. os. 

IK os 

11m. os. 

lbs. ox. 

ItlH. 0/. 

llw, os. 

Original wmgbt.• « » * •« » «• « * ** 

176 0 

135 0 

130 0 

157 0 

143 O 

133 0 

Final weight, unfisted . .... ... 

383 0 

831 0 

330 0 

304 0 

346 O 

338 0 

Pinal weight, oiler fasting . 

366 3*6 

334 0 

330 0 

303 0 

337 O 

334 0 
■ 


Stomaoh and contents. 

3 15*5 

3 4 

3 4*5 

3 3*3 

8 10 

1 0 


* ii • in. • i 

1 3*6 

1 9 

0 13*5 

1 u*n 

0 15*3 

1 1*5 


Small mtosiinos and coni nils. 

4 11*6 

4 11 

5 0 

5 1 

S 0 

4 8 


Large intestines and contonls. 

0 10 

8 6*5 

H 14 

10 3 

9 8 

6 3 


Intestinal fat, “umclgoou,” (to . 

4 3*8 

3 19*8 

3 3*3 

0 5 

3 0 

3 3 

& 

Heart and aorta ....... 

0 10*8 

0 0 

0 U 

0 U*8 

0 0*8 

0 11*5 

i 

* 

lungs trod wuulpipo ... . 

l 13*3 

1 8 

l 10*5 

l 15*6 

1 7 

1 7*1 

i 

Blood . 

0 13-8 

8 9*5 

0 13*3 

10 11 

0 8*5 

10 0 

■8. 

J8 

liver... 

4 16 

4 8 

3 15 

4 11 

8 G 

4 0 

l 

Qall-bladdor and oontents . 

0 3*3 

0 3-8 

0 8 

0 3*5 

0 1*7 

0 3 

| 

Pancreas (‘'sweetbread ") . 

0 4*8 

0 7*5 

0 0*3 

0 14*3 

0 8*3 

0 0*3 

1 

Milt or spleen . 

0 05 

0 5 

0 5*8 

0 5*8 

0 6*5 

O 5 

* 

Bladder ... 

0 3*5 

0 3-8 

0 4 

0 4 

0 8*8 i 

0 1*8 


Penis (or uterus) *... 

0 18*8 



0 8*3 


0 rt*H 


Tongue . 

1 3 

1 0*3 

1 8*5 

1 3*5 

1 0*8 

V V w 

0 14*5 


Toes . 

0 3 *5 

0 3 *5 

0 8 

0 8 

0 8*5 

0 8 


k Miscellaneous trimmings . 

0 13*3 

0 11*5 

0 11*5 

0 9 

0 11*5 

0 6*8 

Total “ottl* parts...... 

~45 ~ 

88 13*5 



■ 

T»~rEr 

Qaroass (indufling head and fast) . 

833 3 

184 IS 

V 


1 

188 4 

Loss by erwporation, error in' weighing, 4®. . 

-3 7*5 

0 7*5 

1 


m 

O 0*8 

Live-weight after fading ...... . . 

m 55 

384 0 



337 0 

324* 0 

• • ■mv bu m * 


* Por particular* olti*/tiding experiment, wfbr to Proa 1,2,3, and 4, undo? tho hood ot "Experiments 





























SOME OF THE ANIMALS FED AND SLAUGHTERED AS IITJMAN FOOD. f>20 


of llio individual Organs, and other separated Parts, of PIGS. 

Fatlenod—tho Food containing a considorablo proper!,ion of Bean and Lentil Meal. 


Lot 3.—Food:— .Lot 4. -Pond 

Bran—iai fixed quantity. Indian inml mill llwin—m IKimI quantity 

Bean and Lentil nioal —ad Wntnuu Uoihi and Lentil meal— ad fthifinii 


No. 7. 

11)6. 035. 

163 0 
248 0 
238 0 

2 14 
I 7 
6 12 
10 4 

3 7 

0 03 
I 1I*B 
8 13 

4 4 
0 3 
0 0 
0 6 


No. 8. 

No. 0 

No. 10. 

lbs. o/. 

llw OK. 

llw. ox 

131 0 

128 0 

173 0 

183 0 

203 0 

302 0 

173 0 

194 0 

281 H 


1 8 
~43 2 


3 O lf 
0 15*3 

4 7 
8 0 
1 0 

0 0 
1 8 
7 4 
2 10 
0 1*3 
0 6 
0 4*5 


3 13 
0 11 

4 7*6 


3 4 
1 4*5 
0 9 


8 16*6 12 4 


0 7*7 
) 3*6 
7 13 
3 15 6 
0 1 
0 0*8 
0 4 


0 3*8 0 3*2 


0 3*6 0 3 


0 13*H 
0 3 


3 4*5 

0 143 
2 0 
8 1**5 
6 2 
0 1*8 
0 8*3 
0 0*5 

6 3*5 
0 6*B 
1 0 
0 4 


0 13 
32 4 


182 0*6 141 3 

2 7*6 -0 7 


0 11*6 0 8*2 
>4*fKr~vt iMhw 

34 7*8 40 8*8 

167 6 236 7 

3 2*2 -0 7*8 


No. 11. 

11 in. n/. 

131 0 
207 O 
101 8 
2 11 
1 3 
4 0 
8 10 
3 15 

0 8*3 
1 11*6 
0 1 
3 13 
0 2*0 
0 7*3 
0 0*2 

0 3*2 


0 14 
0 8*0 


37 4*0 
158 0*3 
—4 8*8 


988 0 | 

173 0 | 

j 184 0 

981 8 


No 12 

Hw. Oil. 

123 0 
180 0 
178 0 
3 0 
0 0*6 
3 15 
8 3 
l 10 

0 9*8 
1 H 
0 7 
8 11*0 
0 l 
0 0 
0 0*2 

0 8*6 



1ml, 1 

8 I'ltfi 1 
ll*H Oil 

110 10 7 
251 0 
240 0 8 

Hi )■ B-aurM 

3 3*7 
1 83 

4 12*8 
0 15*5 
3 14 


MnmiH of-' 


fml 2 1ml 3. Turf -I 
3 J’i/'-Ji 3 I'ltfo 3 l*ifin 


llw <»* (In. <u! Hw ttt llw "/ 

110 10 7 110 107 112 0 3 112 0 1 

202 10*7 211 0 332 10*7 230 5*4 

261 0 201 10*7 317 0 227 00 

2 3*1 2 11*6 3 07 2 13 

1 4*1 1 04 1 0*3 1 2 

4 13*7 5 3*6 4 13*3 4 14*8 

8 0*7 0 1*9 0 11 0 6*4 

1 3*3 1 15*3 3 0-8 3 84! 


0 10*3 0 10*8 0 70 0 10 Hj 0 0*0 j 

I 10*6 1 0*0 177 1 IB H j 1 10-2 

0 0 8 10 1*8 7 U»*4 0 06 » 8 

4 07 4 0*3 3 4-6 3 10*H 3 14*1 

0 3-5 0 3*4 0 18 0 1*8 0 2*1 

0 7 0 10*0 0 7*3 0 70 0 81 

0 0*8 0 0*8 0 4*0 0 0*0 0 64 

0 31 0 3*0 0 3 0 3*4 0 31 


0 13*8 0 7 


0 0*»9 0 HI 


0 10*0 
0 3 
0 9 
04 3 
142 18 
1 1 


172 0 


SI 


1 9*9 1 0*0 41 16*8 0 14*0 1 031 

* 

0 3*3 0 0*2 0 8*9 0 3*0 0 30 

0 18*1 0 8*1 1 0-2 O 8*1 0 118 

***+>•* -Wfrtr* Tt r>* rri* *i V * * 

43 3*0 40 15*7 36 10 30 129 40 4*8 

1110 10*3 208 0*8 103 10*5 178 MWjlHO 14*4 
1 12*0 1 0*8 -l 10 0 4*0 


40 0-8 [251 0 801 10*7 917 0 


vrith Figs—Series 1,’* irtdole—"Pig Feeding,” Journal of tho Royal Agricultural Society of England tot xiv. part 2. 
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Designation of Parle 


iLPWfflDTX —Talll XXXVI Showing the A lual IVt ijku (lbs. Hid on) 
Class m —16 Pigs, divided into 5 Lots, e-ioli willi ullici difleienl Pood* 

Lot J —Food — Lot 2 IM ! f H "' fl 

Indian meal -ml Uhimn Bum nwl M wld im il m »« m 111 ,l ’I’VV ) ' 

jm<l (luniilitv Iiidinn mi il tlhUnn 

liidinu im u ml hhfutH 


Ouginal weight 
Final weight, uniastod 
Final weight, after fasting 
/ Stomach and contents 
Gaol fat 

Small intestines md contonls 
Lingo interims and lonturis 
Intorimol tot, " nmflgcon “ Ate 

* Heart and aorta 

1 Lungs and wmdpipo 
s 

I Blood 
* Iavm 

It Qall-bladdm and content* 

| Pancreas (“awetfbu ad”) 

<3 Mitt or spleeu 

Htoddw ? 

Praia (or uterus) 

(Tongue 

(Corn 

^Mgodflaaeooa tnmnnnga 


No l No J 


"No t No 5 No It I Nit 7 


lbs o/ lbs" 0 / lbH 0/ lb <*/ llN or llm or lb< */ »> « or 

16S 0 128 0 135 0 H7 0 111 0 111 0 UN « 1 - , » 0 Ul 0 

403 0 187 0 310 0 JftO 0 J.n 0 J* r » o - ,r »i » m 


‘1 ‘Hi 1 IS 2 MS 

l 15 1 »5 1 i 


13 

8 

181 

8 

>0S 

0 

JGJ 

0 

33 1 

0 . 

H8 

0 3 

9 IS 

3 

05 

9 

2 

3 

0 

2 

8 

J 

J 

1 10 

0 113 

1 

12 

1 

; 

0 

116 

1 

18 

1 10 

3 

OS 

i 

IS 

3 

8 

3 

13 

3 

11 

7 

OS 

s ns 

6 

G 

0 

1 

6 

K 

7 

5 

4 10S 

9 

86 

l 118 

i ' 

108 

2 

H5 

5 

0 

0 11 

0 

0*9 

0 10 s 

0 

11 

0 

10 6 

0 

10 

1 13 

1 

6 

1 1 

11 

1 

10 

1 

73 

1 

11 

0 

1 

0 

9 

7 

M 

0 

106 

a 

K 

8 

n 

3 

6*6 

8 10 

3 

15 9 

3 

11 

3 

05 

8 

i 

0 

IS 

0 

0*3 

0 

29 

0 

95 

0 

18 

0 

95 

0 

88 

0 

63 

0 

0 

0 

75 

0 

15 

0 

10 

0 

4*9 

0 

43 

0 

IS 

0 

IS 

0 

59 

0 

SS 

0 

1*8 

0 

9 

0 

1 S 

0 

82 

0 

32 

0 

99 

0 

8*0 



0 

8*0 

0 

83 





1 

16 

0 

13 

0 

106 

l 

05 

0 

145 

1 

95 

0 

3*8 

0 

39 

0 

28 

0 

3 

0 

3 

0 

36 

0 110 

0 

9 

0 

1 

1 

3 

i 

58 

0 

19 

39 

65 

~98 

9 8 

80 

*69 

40 

~88 

30 148 

88 11*8 

it7 

3 

166 

8*0 175 

116 

919 

76 190 145 

805 

1 5 


0 105 0 OS 0 13 


7 05 0 11 


0 l>9 0 S3 0 115 
0 1 0 6 0 55 


0 OS 


0 35! 0 86 0 36 0 30 


0 100 


11 157 8*5 UJ5 16 


Loss by eropan&on, error in wmgfhmg, do —3 48 —*8 48 1 163 1 167 1 27 1 83 0 138 1 57 i 0*1 

IaVe-weaglrt after Suiting I 853 V Iff 8 808 0 268 0 983 0 848 0 9U 0 100 0 378 0 


* For particulars otttafoMknff etpmami, rotor to Beni 5, 6,7,8, and 13, under Uw bead of 11 Kxpunimmts wdli 
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of the individual Organs, and other separated Tarts, of Tigs. 

Well Fattened—the Food containing a considerable proportion of Indiap-corn Meal. 



Lot 4.—Food:— 

Boon and Lontil maul, and 
Bmn—in ilxwl quantity. 
Indian meal —ud libitum. 

Lot fi.—Food:— 

Bean and Lctilil meal, Ta¬ 
llinn mpiil. and Oran— 



Menus of - 




ouoh ltd liht/itm. 


Lof 1. 

3 Figs 

1 ml 2 

3 Fig*. 

Lot 8. 

3 PltfH. 

Lot 1 

3 Viko. 

Tml 5. 

3 I’ign. 

Tlio 

15 


No. 10. 

No. 11. 

No. J2 

No. 13. 

No. 11. 

No. 15. 

Fi|?» 


b». ois. I 
145 0 ] 

lie. ox. I 
144 O 

he ox. 
113 0 

1 m. ox. 1 
140 0 

1 m. ox 
130 0 

tm. «x, 
150 0 

llw. ox. 
143 10*7 

1)H OX. 

144 5*3 

Im. ox. 
138 5*3 

lm, o/. 
144 O 

1 m, ox. 
143 0 

llw. ox. 

143 7*5 


31)4 0 1 

350 0 : 

255 0 


103 O 

344 0 

220 0 1 

152 o : 

M7 5*3 1 

10C 3*8 1 

920 0 

935 10*7 


in 

m 

330 0 

907 0 

105 0 I 

380 0 

214 5*3 2 

144 5*3 : 

137 10*7 

955 O 

992 10*7 

231 12*7 


3 11 

3 3 

2 14 

4 8 

3 0 

2 12 

2 1H 

2 1-0 

2 7 

2 14*4 

3 0*7 

2 II I 


1 11-5 

1 4 5 

1 8*5 

1 5 

1 0*5 

0 14*0 

1 3*9 

1 0*2 

1 4 

1 8*9 

1 4*3 

1 5*2 


5 2 

4 2 

5 5 

3 14 

3 0 

3 2 

3 14*7 

3 11*7 

3 11*3 

4 137 

3 7*8 

3 14 it 


0 10 

10 8 

7 10 

8 0 

5 10 

0 0 

0 0*7 

7 10 

8 11*7 

11 4 

0 11*7 

7 10 H 


5 2 

9 8-5 

1 12 

a o*3 

2 14*5 

2 1 

2 15*5 

4 4*1 

3 4 *3 

a 2*1 

2 8 3 

3 3*0 


0 13 

0 10*5 

0 0-5 

0 12 

0 7*5 

0 0 

0 10*2 

0 10*5 

0 11 

o n 

o j»*r» 

0 10 i 


1 10 

1 13 

1 10 

1 13 

1 4*5 

1 3 

1 0*7 

1 1IH 

1 10 

1 10*7 

1 0*8 

1 0*5 


H 14 

0 4 

H 11 

8 10 

5 14 

H 1 

7 13 

M frf» 

! 

7 70 

8 15*1 

; H*a 

8 1H 


4 3 

» 4 

3 5 

3 0 

2 H 

8 4 

2 15*0 

3 0*2 

3 12 

.1 0 

a 0*7 

3 3*0 

1 

0 3 

0 1*5 

0 8-7 

O 1*5 

0 0*5 

0 1*5 

0 1*4 

0 2 *8 

0 1*5 

0 2*2 

0 1*2 

0 !*7 


0 19*5 

0 w 

0 8*8 

0 5 

0 5 

0 7 

0 7*7 

0 7 *3 

0 7*0 

0 8*0 

0 0*7 

0 7*6 


0 5 

0 5*3 

0 3 

0 5 

O 8 

0 4*5 

0 4*3 

m 

0 4*8 

0 5*9 

0 4*9 

O 4*7 


0 3*5 

0 3*0 

0 1*8 

0 9*8 

0 1*3 

0 4 

0 1*8 

0 2*0 

0 3*3 

0 2*0 

0 9-7 

0 9*7 



0 85 

0 0 

0 0 



0 8*5 

0 8*3 

0 0*5 

0 8*7 

0 0*7 

0 8 


1 1*5 

1 0 

1 1 

1 8 


KE3 

0 15*3 

1 0*5 

1 9*9 

1 0*9 

1 1*9 

1 0*8 


0 3 

0 3 

0 9*5 

0 3*9 

0 3 

0 3 

0 3*1 

un 

0 9*8 

0 9*8 

0 3 

0 9*0 


1 3 

0 5*5 

0 0*7 

0 19 

0 0 

0 0*3 

0 7*9 

1 1*4 

0 19*2 

0 11*4 

•"PC'. wjp*s- sr-f 

0 10*9 

—^fT "■*“ 

0 11*7 

^ V, - t ■* 


43 10 

30 0*5 

80 19*5 

| mf «-■ —* 

38 8*8 

80 1*8 

31 4 

sni*» 

37 1*2 

30 1H 

40 9*0 

33 1*8 

35 15*8 


938 3 


-n 

290 12*5 

133 4*5 

909 11 

183 1*8 

i 

100 1*7 

219 15*7 

187 0*0 

107 19*5 


9 3 


1 13*5 

1 10*7 

2 0*7 

2 1 

-1 11*3 

1 1*0 

1 13*0 

1 13*4 

i m 

I 04 

f 

>84 0 

949 0 


BW 

■M 

105 0 

280 0 

2U~5*3 

944 5*3 

Wl 10*7 

mT 

mm 

1934 10*7' 


i 
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Atkbitdix.— 1 Tab™ XXXYII. Showing thi* Actual Wrights (Urn. ami on.) 
Class IV.— 12 PigB, dividod into 4 Lots, according to the Pood *. Modtvttft'ltf KnUonod. 


Doogmidon of Parte. 

Lo 

Dentils, nud' 
Sugar- ad ft 

Wo. 1. 

l,—Food . 
Bran—in llv 
hifum. 

No. s, 

ihI cjimut ily. 

No. 3. 

M 

IamiIiIm, nnd 1 
Otm-li mt ft 

No. 1. 

2 Knoil: 
trim In 11 m 
fit/mu. 

No. * r >. 

hI <(uuntit}. 

No 0. 


lhe. ox. 

UlH. OX 

11 IK. OX. 

11m. o/« 

ItlH <M. 

Ilw ox 

Original weight... 

109 0 

82 0 

05 0 

HO O 

105 0 

oi o 

Final weighty unJastcd. 

181 0 

108 0 

181 O 

107 O 

201 0 

102 0 


m 0 

103 0 

175 O 

100 0 

108 0 

153 0 


l 8 

1 12 

2 8 *5 

3 5 

1 13-3 

1 0*5 

Oanl-lufc.. » Hu.. ' " " * 

1 1 

1 2*5 

0 14*3 

1 0*5 

1 1-3 

0 12 

Small inlortinoe and oontcnlB. 

s 2 

» 0 

3 3 

n io 

3 14 

8 2 

Largo intoetince and conUmiH.■ > ... 

8 2 

7 15 

7 1 

0 o 

10 1 

10 ft 

Inioetinal &i, * j mudgoon,” At*.. 

0 15*7 

1 1 

1 0 

1 0 

0 11 

0 144 

s. Heart and aorta ... 

0 8-8 

O 0 

O 8*7 

0 7-3 

0 0*5 

0 0 

% Lungs and wiudptyo . 

1 8-2 

1 (1 

1 0-5 

l 4 

1 11*5 

l 10 

j Blood . 

, 0 0*5 

I ft 12 

0 6 j 

0 3 

, 7 0 

0 14*0 

"8 

2 8*5 

5 4*5 

2 18 

2 12*5 

3 0 ] 

2 114 

& Qall-bUddar and contents. 

0 I'tt 

0 2-3 

0 0*7 

0 3 

0 3*4 

0 3 

jj FfliicNAs (“swectimsul fv ) «• * • ... • 

0 4 

0 A 

0 4 

0 4*8 

0 5 8 

0 4*5 

® Milt or gpleon .... 

0 8*5 

O 4 

O 4*5 

0 3 

0 4 

0 3*8 

Bladder...«. 

0 3*3 

0 1-ft 

0 1*0 

0 8 

0 1*5 

0 3 

FonJg (or uterus)... 


0 4-5 


0 4*8 

0 0 

0 4*0 

Tougoo. 

1 2*5 

1 0*5 

1 2*0 

1 0 

0 14*0 

0 13 

(TOM ........ 



0 2*5 

0 2 

0 2*5 

0 2 

ftp qqn* trijpndnga ..... 


it it* 


0 2*0 

0 2*0 

0 2 

parts.... 


28 7*8 

~27 12*7 

mm 

■am 

80 84 


144 15 

132 ft 

147 0*7 

125 0*7 

168 0*0 

121 11*0 

Lose by evaporation) error in ■weighing, &a... 

1 104 

2 8-2 

-0 8*4 

4 3*2 

1 12*0 

0 11*7 

IffTa-TOghtafbetrfeadng ... 

175 0 

165 O 

1175 0 

—-arm 

160 0 

108 0 

lit 0 


* For partiaaUm of the fmUtig apartment, too ixtiolo—“ On llw Hutdvulwiey wf Bltuvli mid 
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of the individual Organs, and othor separated Parts, of PIGS. 

The Food consisted, in considerable proportion, ot either Starch or Sugar. 
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LOTKD 3 X.—TiBWl * x x VIII Showing the JMn<d Wmgltt (lira. and OKS) of the mdiyidnnl Organs, and other separated Parts of PIGS 
(faa y,—B Rga, abided into 2 Iota, each with rather tbffsnmt rood*. Vell rattened —rood comprised a portion of faed Cod-fleh 
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nr Shoving the dLetual Weights (lbs. and ozs.) of the indxvidnal Organs, and other separated Parts, of PIGS. 

5 Pigs, divided into 2 Xots^ according to condition of Maturity when pnt to Patten. 

Class V I.—Pnt to Patten when in Store condition, and fed till only Half-fattened. 

Class VlJL—Pqt to Patton when Half-fat. and fed till Moderately Fattened. 
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Aranron.—T abu XL Mimwuft ll» Pnfuilai/, Frqmlitm »l I hr Oi'-mi, n “^" lh " 

HlllUS 


Calves 


No 1 No a No l No 2 No I N« 


Design liion of P ills 


Shin I 

I hoi nul 
milk lid 
kiUitl 

Vtijjj 11 

isl'l 


Dm li un 
bind 
(annl>«d 
ns Ed) IWilHli 


I ikt n 
it oin 
d on 
lu dm* 
on i i*w 
I illul 
Sq»l li 
I sin 


/'blomacha 

Contents ol sUnn it Us, and vonul 
Caul-fel 

bread lnkstnUB and loutoils 
Loige lntostiui a and i ontt nlB 
Inlesiinal fal 

ltoait and aoila 
HeaiUfni 

Langs and v tntlpipo 
Blood 
lava 

^ j Gall-bUclda and eontcnlR 
Panamas ('awutbiead ’) 

Thymus gland ( hear! bread’) 

Glands about the throat (‘ thioalbnad”)| 
Mill or spleen 

Bladder, and penis, or womb 


Brain* 

Bead and longue 
Bids and horns 
Pert, booth, *o 
Tail 

Diaphragm (“dorta") 
(MtaoeUanoon* trumnugs 


I l<> 1 

k unsold 
killul 

ink 

1H|M 


.170 


Total u o£&d” parts 

Ctoqais t 

Lortb^#tt»«a8*ori, ewor 

8847 

04 21 

282 

"t ■ » - ■ MU 

. JU &LSJ 

m—■——■--- 

M« < 

t A 

ioooo” 


i72 


100 * 


287 


10000 flOOOO 


M i\< il 
hind 
I dli d 
Vim * 
|H|M 


Mivd 
hi i d 
1 illul 
Vu» M 
MM 


.1 S'? 
H70 
1 hi 
107 
225 
Ibfi 

05.1 

0111 


UulliH 
No i 


\\i Nh 

Ilium d 

I 1 IM 

■ Id 
tdl d 
Vu Hi 
MM 


,12,l 
0 20 
1.11 
1 10 
I 1.1 
I li 

0 50 
022 


No 


Si oh h 
loiij* 
hound 
I Mill i 

old 
JIM 
lid 
1 tilt d 

\tl 0 

1MIM 


,121 
h *21 
101 
180 
1 17 

1 fib 

0 r l r ! 
01/ 


No 0 


Dilltli 
lnh 1> 

/i n i h d 
I m 
| Not loll 
killul 
\u» 21 
I HIM 


2S7 
680 
1 (li) 
107 
1 18 
a no 

or>o 
o 10 


ooo 1 

10S 

003 

0 81 

101 

101 

808 

4 01 

482 

2 0.1 

t u 

381 

1 10 

195 

1 48 

1 17 

152 

Mil 

000 

003 

(HU 

011 

Oil 

0 10 

Oil 

000 

01.1 

0 Ob 

007 

007 

007 

008 

004 

0 05 1 

0 00 

008 

ooo 

003 


OEM 

0*02 

000 

012 

0 10 

021 

Oil 

015 

017 

017 

ooo 

005 

008 

Oil 

001 

008 

0(81 

0*05 

0OH 

007 

005 

200 

9*50 

2 78 

2*77 

280 

800 

821 

7*50 

7*10 

888 

8*01 

098 

189 

1*80 

1*01 

2*00 

108 

178 

018 

012 

000 

000 

007 

Oil 

054 

018 

0*91 

018 

OKI 

010 

018 


012 

027 

010 

032 

48 70* 

4982 

4085 

.17 OJ 

41*11 

J581 

55 80 

54 80 

5707 

5080 

5081 

01*00 

100 

220 

208 

907 

2*08 

8-10 

Ioooo 

10000 

j 100 00 ~ 

ToSST 

100 ST 

" 20040 


* Xruladmsr oal£ 
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separated Parts, in the Fasted Live-'vroight—of CALVES, IlEIFEKS, and BULLOCKS. 


Bullocks. 













No. 14. 


Means of— 


No 6. 

No. 7. 

No 8. 

No. 9 

No. 10. 

No 11. 

No. 12. 

No 13. 








Dnrluon, 
short- 
homed; 

3 to 4 
-oarsold; ■ 
gnisfl- 
lod; 
killed 
Sept. 27, 
1810. 



| 

Scolcli 
miulywd r 
ns 

wlf-fnl); 

3 to 4 
yearn 
old; 
lulled 
Nov. 14, 
1K4'.), 

Devon, 





Scotch; 

long- 
homed ; 

4 years 
old; 
grass- 
led; 
killed 
Sept. (5, 
im 

Weldi; 

5 yews 
old; 
killed 
Soph. 13, 
1840. 

Mixed 
breed; 
killed 
Sept. 20, 
184U 

Irtsli; 
lately 
gratm-fed 
in 

[jeicoBler- 

flhira, 
killed 
Sept, 27, 
ltviu. 

Mixed 

brood; 

8 yeans 
old; 
killed 
Oct.. 4, 
1849. 

Scotch ( 
analysed 
ns lilt); 1 
4 yearn 
old; 
killed 
(VI. :«), 
1810. 

working “ 
; nfU'r- 
wiurcln 
fort on 
oilcnkn, 

&v ; 7 
ywiVH 
ulrt, 
killed 
April (», 

The 

%* 

art 

Calves. 

1 

I 

i 

The 

*» 

lleifera 1 

'riii* 

14 

UulloekH 

Tho 

10 

lleifera 

mid 

UlllllK-ltH. 

WZM\ 

2*92 

3*10 

3*30 

2*71 

s*ki 

3*56 

2*«0 

3-51 

1 37 

3*75 

3(81 

3-17 

10*59 

9*03 

8*00 

7*27 

0*75 

8*50 

6*92 

8*12 


9*30 

8*40 

8*44 

8*44 

1*28 

3*08 

2*08 

1*94 

1*71 

9*98 

9*10 

1*35 

3 21 

1*03 

3*08 

1*93 

2*02 

1*71 

1*84 

1*40 

1*00 

1*53 

1*45 

0*62 

0*07 

0*90 

212 

1*80 

1*40 

1*52 


1*49 

0*98 

0*0(1 

1*08 

1*25 

0*30 

0*49 

0*40 

1*30 

1*44 

1*18 

1*23 

0*97 

3*03 

9*32 

2*20 

1*70 

3*32 

200 

1*01 

4*78 

M3 

3-02 

2*12 

2*24 

0*52 

0*44 

0*48 

0*47 

0*47 

0*43 

0*52 i 

0-47 

0*19 

0*00 

0*48 

0*50 

O-50 

0*31 

0*31 

0*33 

0-23 

035 

0*38 

0*73 | 

031 

0*51 

0*08 

0*23 

0*32 

0*31 

0*88 

0 74 

0*71 

0*71 

0*90 

0*74 

0(13 

0*0,1 

0*75 

1*33 1 

0*75 

0*82 

! O'Hl 

1 

4*01 

4*5(1 

4'85 

4*5.1 

3*80 

3*88 

8*72 

4*41 

3*30 

4*08 

3*00 

4*07 

; 4*oi l 

i 1 

1 

1*94 

1*31 

1*29 

1*30 

1*21 

1*93 

1*34 

1-3H 

1*22 

1*07 

t 1*52 

1 28 

j! 1*81 

i 

0*08 

0*13 

0*11 

0*09 

0*08 

0*08 

0-00 

| 0*08 

O*08 

0*05 

0*08 

0*011 

(MW 

0*08 

0-07 

0*08 

0*09 

0*10 

0*I1 

0<07 

0*08 

0*10 

\ / 

0*09 

0*00 

(KM) 

0*07 

; 

0*05 

0*05 

0*04 

0*05 


0*05 

0*05 

0*10 

■ 0*07- 

0*07 

0*00 

0410 

0*04 

0*01 

0*03 

■S3 

0*03 

04)3 

0*03 

04)3 

0*09 

> 1 

0*05 

0*03 

0*08 

o-ie 

. o*i7 

0*93 

0*16 

0*10 

0*19 

0*10 

0*17 

0*17 

0*39 

0*18 ; 

1 

0*17 

o-ie 


0*05 

0*05 

0*07 

0-08 

0*10 

0*12t 

0*06t 

0*08t 

0*15 

0*035 1 

| 

O*09| 

0*05*1 


0*07 

0*08 

0*08 

0*07 

0*06 

000 

0*08 

0*03 

J 3:40 j 

0*04 

0*07 

0*00 

2*87 

2*49 

9*97 

9*43 

2*70 

9*59 

3*06 

. 3*17 

9*46 

9*48 

2-71 

2 09 

0*44 

7*79 

7*88 

7*15 

7*99 

7*15 

5*67 

0*49 

0*80 

0*94 

7*74 

7-40 

1 7*49 

i 

1*87 


188 

1*87 

1*85 

1*83 

1*57 

1*63 

1*51 

2*18 

1*79 

1*78 

j 1*77 

0*09 


0*10 

Oil 

0*09 

0*00 

0*10 

0*14 

1 

0*13 

04M) 

0419 

0*10 

0*42 

0*09 

0*45 

0*50 

0*40 

0*40 

0*53 

0*46 

0*79 

0*43 

0*53 

0*30 

0-41 

0*18 

0*19 , 

•0*10 

0*18 

. 0*28 

0*90 

0*30 

0*18 

0*53 


0*49 

wr 

0*30 

r. —si— 

41*90 

40*55 

08*07 

87*18 

,J ST 

40-81 

THT 

“Sir 


84*09 

rsir 

■1ST 

1 38*85 

J 

57*40 

58-06 

69*70 

[ 60*95 

4 

, 89*08 

50*78 


04*75 

09*00 

09*58 

55*58 

59*84 

1 50*31 

i 

O'fll 

1*80 

■' 1*88 

9*57 

_ “_ 

1-51; 

-0*28 


<: 0*1 

— * - r - _ 

M7 

l8*4» 

2*60 

1-82 

1 1-H2 

/ t** — m ***■*"» 

| B 

100*00 

ioo*oo 

IB 

uni 

[B 

[B 

[B 

^100*00 

J 

io6*00 

Hi 

100-00 

100*00 ] 


t In tbsee cases bladder and penis together, and'in the other* bladder only. 
| With hide. § In one cow womb with calf. 

, ' jj Sum of the mean of the bladder, and that of the penis, talon separately. 

- J - <j[ Mean of bladder* only, the penis of wtupb included with the "lea, d*.’* 

''WXkueL. 4p" 

t 
















ited Parts, in the Pasted Live-weight of SHEEP 


688 ON SOME or THE ANIMALS FED AND SLAUGHTERED AH HUMAN FOOD. 
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• Appbitdu—Tabu XLTT vSkowmgilio Pactntafft Ptopoifwn oi lluMiulmdutl 

OiassII— 20 Wethoi Blicop o l CotsmU B>nd, ilmui \\ \i u old, m modoaithf 

KtlU (l il Kolliunstul 



Di eagnitum of Puts 

llio r > giving ilio T nuil amounl of 

Tnui a ho duung 1 at U lung 

llu 

i i\iU| r tin Sin illt t mu Uni i f 
(litii 11 ilium 1 nil mu' 



No 1 

No 3 

No ,1 

No 1 

No 0 

No (> 

No , 

\u s | 

N. *» 

No 10 


f Stomoclw 

9 61) 

311 

266 

2 Si 

237 

2 lh 

3 1*) 

3 IH 

3 61 

3 16 


Content* of etomoclis 

401 

660 

110 

113 

6 33 

130 

1 11 

til 

18) 

109 


Oiul fri> 

3 09 

971 

966 

3 01 

8 63 

1 SI 

103 

330 

301 

186 


Broill inUsImw and tonlwila 

163 

176 

2 01 

176 

903 

180 

286 

100 

186 

160 


Du jo lubshnts and contents 

178 

176 

131 

1 6) 

J2H 

133 

3 83 

181 

1 60 

3 20 


Ink stand fbt 

100 

131 

1*58 

103 

1 tO 

131 

0 

1% 

10/ 

1 l.> 

f 

1 

Heart and noi la 

037 

030 

030 

030 

0 30 

031 

O l 1 ) 

0 11 

031 

0,16 

0 

1 

«. 

Hunt-fai 

090 

03.) 

016 

031 

037 

030 

0 10 

O 15 

010 

008 

Lungs and windpipe 

081 

110 

113 

101 

OOH 

0011 

118 

0(6) 

O 0» 

003 

J 

l 

Blood 

301 

307 

871 

111 

400 

301 

Ml 

168 

3 OH 

no 

Dior 

178 

100 

168 

188 

108 

1 60 

107 

186 

160 

168 

i 

Gall bladdoi and contents 

006 

007 

001 

007 

0 11 

006 

001 

000 

O 06 

006 


Pancreas ( awoelbu&d ’) 

008 

014 

010 

010 

011 

013 

j 

016 

013 

015 

Oil 


Milt or spleen 

015 

018 

013 

017 

010 

016 

i 

021 

023 

015 

016 


Bladder 

003 

003 

009 

002 

003 

i 

0 09 

005 

002 

003 

003 


Head 

943 

908 

970 

964 

976 

9*80 

396 

9*06 

*80 

273 


Skm (with feet, &o) 

745 

700 

787 

087 

797 

761 

0*11 

801 

800 

781 


.Wool previously shorn 

639 

604 

440 

418 

601 

610 

588 

686 

661 

591 

Total “effid" posts 

3859 

30 40 


8798 

3063 

3028 

4667 

41*91 

*8928 

» «n 

4091 

Omoom 

61*99 

8019 

0801 

6977 

8036 

6079 

59*60 

5880 

6068 

6861 

loss by evaporation, error in weighing, <feo 

098 

038 

194 

0001 

019 

0007 

004 

040 

000 

11 


10000 

. 

10000 

100 OO 

10000 

10000 

10000 

10000 

loooiT 

loo 00 

100 w 

*■ 


* For particulars of tito fitting wpomaent, mo Ariido outlie " OompnroUro Faltonuig QitnliUw of 
t Iii thcee 0890* tho gam of the wughu token for (fa oopnutled pwto oaocoodud Uio Farted Idvti* 



SOME OF T1IE ANIMALS FED AND SLAUGHTEfiED AS HUMAN FOOD. 041 


Organs, and other separated PartB, in the Fasted Live-weight of SI1EEF. 

Fat condition. Fattening Food—Oilcake, Clovor Chaff, aud Swedish Turnips*. 
April 19,18C2. 


a*7i 

2*57 

3*80 

4*87 

0*04 

3*31 

2*05 

1*88 

1*82 

1*73 

105 

1*23 

0*00 

0*3H 

022 

0*24 

1*24 

Hll 

4*50 

3*110 

1*08 

1*72 

(HU 

0*07 

0*16 

0*11 

0*10 

0*18 

003 

0*03 

3*10 

202 

0*37 

HI 

5*77 

4*03 


100*00 100*00 100*00 100*00 100*00 100*00 100*00 100*00 100*00 100*00 100*00 100*00 


diffiwenfcBrsadi trfShcsp,” Journal of tits Eoyal ■Agrioultund Society of Eogltmtl, voL zliL port J. 
weight, sad this sum has tluwfow hesn taken os the standard, in calculating the PsrMntsgfs. * 
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Ajebkdec.— Table XLDI. Showing the Percentage Proportion of llio individual 

OiiAflS HI.—"10 "Wether Sheep of Leicester Dreed t about 1 \ your old, in moderately 

Killod at RoUumiNli'd, 




Tho 4 giving llio Tjorgrri amoiml 

Tito 1 ghing lln* Hmnllosl innomil 


Designation of Porte. 

of Iuoroiuw during JtWUming. 

of Inenw during Ktillwing, 



Hal. 

Ho. 2. 

No 3. 

No. 1 

No. ft. 

No 0 

No 7 

No H 


'Slomaoha. 

870 

9*30 

8*97 

9*G3 

3*IU 

3*05 

3*79 

3-72 


Contents of atomaoha ... 

4*13 

3*48 

3*04 

4*71 

4*30 

5*33 

4*01 

5*13 


Oaul-M. . . 

3-63 

4*04 

4*30 

3*54 

3*88 

177 

3*31 

171 


Small intoetioos and oontonta. 

9*13 

178 

9*10 

1*88 

1*01 

3*01 

9*15 

2*83 


Largo intoe tinea and contents. 

1*80 

1*50 

1*80 

171 

1*03 

3*30 

1*01 

3*41 


IntoetinaHat.. 

1*17 

1*13 

1*17 

0*93 

M0 

Ml 

0*73 

1*30 

ft 

IToart and aorta ... 

0*37 

0*44 

0*40 

0*41 

0*10 

0*53 

<H0 

0*57 

i 

Hoart-fet...... 

0*91 

0*11 

0*39 

0*13 

0*11 

0*11 

on 

0*15 

1 

4 

Lungs and windplpo .... 

0*81 

1*00 

0*79 

0*H7 

1*08 

1*78 

0*07 

1*00 

j- 

Blood ..... 

4*00 

303 

4*39 

370 

8*88 

4*8,1 

4*50 

4*H8 


liter.... 

170 

1*55 

1*80 

1*09 

1*01 

2-00 

170 

9*05 

i 

flfllLVilnflflm* Mid oantetila 

0*05 

0*00 

0*09 

0*04 

0*01 

0*07 

0*01 

0*00 

1 

Paaiarefla (“awootbreod ’’) . 

0*14 

0*17 

0*15 

0*13 

0*17 

0*18 

0*17 

0*10 


MBfc or aplean.. 

0*13 

0*13 

0*13 

0*19 

0*13 

0*30 

0*17 

0*10 


Bladder. 

0*01 

0*03 

003 

0*05 

004 

0*01 

0*05 

0*00 


Head. 

9*40 

9*78 

9*40 

2*83 

3*07 

3*50 

3*37 

3*51 


SHn (with fiat, Ac.).,. 

7*00 

7*18 

7*05 

7*95 

7*81 

888 

8*80 

019 


Wool pwviotuly ahom ... 

0*09 

0*18 

0*00 

8*07 

5*17 

7*01 

8*88 

l 

0*78 


k bGaoellaneona trimmings. 








fin* 

parte.. 

30*33 

~mr 

*» »»W m* m 

mi 

» mmm tm 

39*58 

~ 30*01 

47*35 

48 83 

45*88 

(beam . . . . .. 

58*50 

60*33 

58*87 

08*09 

57*09 

58*56 

54*50 

59*08 

Lom by eroparstion, mot in weighing, <fca . 

9*17 

9*80 

9*89 

1*50 

977 

0*09 

1*58 

170 


100*00 

10000 

100*00 

100*00 

100*00 

100*00 

liSoo 

100 (Ml 

* 


# p«rttonla** of the fading ttparmanl, «o 4xUdo on tbo “ Oomparailvo BWUwiug Qimlif it* of 

t Tbi* ahaop ma an Ewe, a&i tidi amount indudaa tho womb, 

I Xu Ibis am the nun of the wrighta taken for the aopmted parte mcoootlal tiw fltotwl LIvo-m'lght, 


























SOME OF THE ANIMALS FED AND SLAUGHTERED AS HUMAN FOOD. 


Organs, and , other separated Parts, in the Fasted Livo-weight of SHEEP. 

Fat condition. Fattening food—Oilcake, Clover CM, and Swedish Turnips*. 
April 23,1853. 


Tlio 8 giving the Medium amount of Increase during Fattening. 

Tbu 

4 or 

The 

4 of 

Tlw 

Hor 

Tlw 

. W 









ljnrfpmL 

Kiiudlt'Bli 

Medium 

ijTMHHJ- 

No. 9. 

No. 10. 

No. 11. 

No 13. 

No. 13 

No M. 

No. 15 

No. in. 

ucrcuHo. 


liti'roiw. 

torn. 

* iM 4+*- 

2*40 

2*63 

2-88 

2*28 

2*05 

2*71 

2*88 

2*08 

2*50 

2*87 

2*84 

2417 

0-(ll) 

3*58 

6*82 

3*32 

4*09 

3-83 

3*25 

5*72 

4*07 

4*83 

4*10 

4*36 

305 

302 

2*08 

5*11 

3*88 

3*50 

2*74 

4*16 

3*90 

2*49 

3*64 

3*33 

1*08 

2*16 

2*78 

1*88 

2*02 

2*50 

1*97 

2*48 

1*99 

2*70 

2*22 

2*30 

1*54 

1*74 

1*76 

1*83 

2*45 

1*91 

1*86 

1*86 

1*78 

2*09 

1*87 

1*91 

0*00 

HI 

1*18 

1*83 

1*15 

1*53 

1*00 

1*47 

HO 

1*18 

1*28 

MB 

0*40 

0*42 

0*40 

0*34 

0*88 

0*41 

0*44 

0*43 

0*41 

0*47 

0*41 

0*43 

0-10 

0*10 

0*19 

0*20 

0-18 

010 

0*10 

0-08 

0*19 

0*13 

015 

0*10 

0*89 

1*04 

1*05 

0*03 

0*97 

0*87 

HI 

0*90 

0*85 

1*43 

1*05 

HI 

3-71 

3*77 

4*74 

3*73 

4*29 

3*H3 

3*99 

4*211 

4*01 

4*32 

4*03 

•1*141 

HI 

907 

9-10 

HO 

1*89 

1*84 

. 

2*09 

2*15 

1*77 

MU 

1*05 

1*«9 

0*03 

0*011 

0*12 

0*05 

0*04 

0-08 

0*05 

0*04 

0*04 

0*05 

0*08 

0 06 

015 

0*17 

0*15 

0*18 

0*18 

0*20 

0*17 

0*16 

0*14 

0*17 

0*17 

0*10 

O'13 

0*17 

0*18 

0*14 

1 

0*13 

0*18 

0*14 

0*13 

0*13 

0*17 

0*16 

0-15 

0*09 

0*04 

0*04 

0*03 

0*04 

0-08t 

0*08 

0*02 

0*04 

0*05 

0*04 

0-04 

2*78 

3*08 

3*37 

9*71 

2*99 

8*01 

3*11 

2*94 

&*03 

3*34 

2*98 

2*98 

7*78 

7-67 

8*59 

7*84 

8*09 

8*07 

8*98 

7*89 

7*20 

8*02 

7-98 

[ 7*95 

3*52 

5*17 

0*96 

3*99 

0*86 

6*02 

4*99 

5*98 

,8*98 

7*11 

6*78 

8*29 

0*13 

0*12 

0*00 

0*00 

0*08 

0*06 

019 

0*16 


pm | 

0*11 

0*11 

J.f. -1*» 

37-06 

38*09 

45*08 

, T *ww 

39*29 

Tl*77 

mT 

ISS" 

42*58 

38*77 

44*09 

~4M3 

41-24 

01*03 

69*71 

63*58 

58-80 

67*30 

69*43 

80*07 

57*06 

59*03 

54*35 

58*38 

87*26 

1*39 

1*00 

0*74 

1-86 

0*93 

0*00$ 

1*15 

0*38 

2*29 

1*68 

0-99 

•4 ft —4 T* 1 

1*61 

loSoiT 

iSmhT 

loSST 

V 

100*00 

10000 

' 10000 

mT 

"moo 

100*00 

I'M 

100*00 

100*00 


dlffonnt &oad» of Stop," Journal of fcho Royal Agricultural Society of England, rol, reL part 1. 
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Separate parts of the "oflfoL 1 
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* 

Apibtou:.—T iBia XL1T. Showing tho Toroonlagr Proportion ortho individual 

Class IT.-10 Wothor Shoe]) of Crm-lrrtd (I-oieosler ami Smith Do»n). nhoul 1J ynr "'>>• 

KtlU»doi ttwIlumiHtwi. 


The 4- riving the mmmut of 'Hie -I phiiu? Hm* nimnuit oi 

Inrwoiw during lWlenhiR. '*“n>T Ml < ntt V 


Designation of Parts. 


Stomachs . 

Contents of stomachs . 


No. I. No. 2. No. A. No. I. No.... | No.fl. N» V N, ‘ h 


Oaul-fet 


Small intestines and contents. I' 31 ' 

Large intestines and contents. 1*07 

Intestinal tot. 

Heart and aorta... 

HoerlrAtt ... 

Lungs and windpipo. 1 'll 

! Hood. *■#* 


QnU-blnddar and oontents . ..... 0*11 

Pancreas (“sweetbread”) . 0*15 

Milt or spleen . 0*10 


0*10 0*15 


0*18 0*19 


018 0*10 


Bl adde r . 0*05 0 03 0*00 <HM 0*04 j 0-01 <M)i 005 

.‘. 8*16 8*01 3*04 6*00 3*37 j 3*37 3*3l» OH® 

Skin (with feet) Ac.)..... 8*10 6*26 9*00 8*40 9-07 H*98 7*61 8*33 

Wool previously shorn... 6*48 5*01 8*20 4*76 5*02 4 70 0*12 | 8*83 

k MisoeUsjwons trimming. 0*86 0*08 000 0*84 011 010 0*18 0-18_ 

rpf^g » n«t|] »putthi !~ .ZTZTZT. 41*80 ~30*93 42-78 40*03 41*08 48*38 44*08 46*07 

Osaraam .:.. 87*77 61-07 87*88 89*07 58*69 57*48 83*67 66*03 

IxMsbyerraporetdon, «i^inWei^iing t Ao.......... 0*34 OOOt 0*00+ 0*00+ 0*83 0*00+ 2*88 0*tH»f 

100-00 100*00 100^0 100*00 10000 1004)0 100*00 1100'IMI 


* Per perUcnlan of the ftding apeodment* seo JLrUolo on llio “ Comjmralive KhI tuning Qualitim ti 
\ In those oases the sun of the weight* token for the sopuraiod purts wailed the fttrird Live 






















SOME OF THE ANIMALS FEB AND SLAUGHTERED AS HITMAN FOOD. 


Organs, and other separated Paris, in the Fasted Live-weight, of SHEEP. 

in moderately Pat condition. Fattening food—Oilcake, Clover Chaff, and Swedish Turnips*. 
April 23,1853. 










Moana of— 

Tlio 8 giving tho Modium amount of Inoroaso (luring vuttcmiij 

8- 

Tho 

4 of 

Thu 

4 of 

Thu 

8 of 
Mutliniu 
Inmiti. 

Tlio 10 
Otohb- 
hrml 
Wothura. 

No, 9. 

No. 10. 

No. 11. 

No. 12. 

No. 18. 

No. 14. 

No. in. 

No. Mi. 

JjtUf-Wt. 

[iiiwiwu. 

SimUlcHl. 

m-n-iiHu. 

904 

2-70 

2-38 

232 

2-61 

2-53 

2-02 

2*02 

2-72 

271 

2-50 

2*07 

3-87 

4-40 

4-01 

4-89 

2-90 

4-30 

677 

2-81 

6-05 

4-08 

4*21 

4-75 

4*40 

5-28 

4-10 

4-12 

3-40 

3-07 

3*48 

4-42 

3*80 

4-14 

4*00 

4-02 

1-32 

2-20 

1-50 

1-66 

1-03 

1-37 

1 03 

1-73 

1-03 

1-03 

171 

176 

1*06 

1-84 

1-66 

1-87 

1-97 

2-28 

2-08 

1-85 

2-00 

2-20 

1-08 

2*10 

174 

1-08 

1-45 

1-80 

1-27 

0-81 

HO 

1-08 

1-23 

1-00 

1-49 

1*26 

0-44 

0-30 

0*40 

0-40 

0*40 

0-42 

0-41 

0-47 

Oil 

0-43 

0-42 

0-42 

099 

0-95 

0-20 

0-14 

0-30 

0-1(1 

0-32 

0*22 

0-17 

0*17 

0-24 

0-11) 

0*08 

1-00 

0-00 

0-06 

1-94 

1-00 

1-13 

1-04 

1-00 

1-1(1 

1-05 

1-11 

4-38 

4-10 

3*07 

3-80 

3-fil 

4-(HI 

4-11 

4-20 

4-OH 

4-38 

4-03 

410 

1-81 

1-84 

171 

178 

178 

1-07 

174 

1-03 

1-70 

1*86 

1-7H 

1-81 

0-09 

0-08 

0-11 

0-00 

0-04 

0-04 

(HO 

0-00 

0-10 

0-07 

0*07 

0-08 

0*13 

0-91 

0-18 

0*15 

0-18 

0-13 

0-20 

0-18 

0-10 

0*18 

0*17 

0-17 

0-18 

o-n 

0-18 

014 

0-17 

0-14 

J 

0*14 

0*16 

0*15 

(HO 

0*16 

0-10 

0*03 

0*04 

0*04 

0-03 

0-04 

0*03 

0*04 

0-04 

0-04 

0-04 

(MM 

0*04 

3-13 

3-00 

3-00 

2*00 

3*13 

3-37 

3-08 

8*26 

3-05 

3-36 

3-12 

3-17 

7-34 

7-7» 

7*70 

8-14 

8*51 

0-53 

8-80 

7*00 

7-00 

8-60 

8*18 

8*26 

372 

877 

5-50 

4-01 

4*18 

0-74 

5-18 

6*13 

' 54)0 

6-90 

4*00 

5*10 

0*12 

0-00 

0-13 

0-05 

0-14 

0-14 

0*16 

0*00 

0*111 

0-15 

-r-r— r 1~l— - -- 

(HI 

0-14 

38*95 

41-18 

~3076~ 

HUST 

37*05 

41*00 

43-64 

80*48*" 

Two" 

494)3 

40*30 

41-45 

0175 

57-70 

50-63 

58*00 

01-48 

55-37 

54*08 

00-52 

68-80 

60-46 

58-77 

58-01 

0*00+ 

V03 

0-61 

0*71 

0-50 

273 

178 

0*00t 

0-04 

0*02 

« ■■ !■ IP**— 1 

0-03 

0-54 

100-00 

loo-oo 

100-00 

hkhmT 

100-00 

100-00 ’ 

100-00 

100*00 

100-00 

10000 

ISmmT 

100-00 
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different Breed* of Sheep,” Journal of the Boytd Agricultural Society of England, vol xvi. part 1, 
weight, and this imluu been taken u the ataadard, in udouluting tho itaramtagea. 
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Separate parts of the 
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Aramrax.—Tiwa XLY. Showingllie Vermtoge Proportion offl«> imlmdtml 
<*»* Y. 10 Ewe Shoop of Orot+trecd (fata** mi South D»m>. *j|JJJ' 


Designation of Paris. 


•asttsssr' ot 1 1V . 


« • • 


• M I M 


/'Stomachs . 

Contents of stomachs 
Canl-Jlat.... • • 

Small intestines and coolants . . 

Largo intoelinos and ooutonU. ... 

IntoeUnal ihl........ • . 


Heart and aorta .. 

Ttoait-Jfot ... «■ *• 

Longs and wlndpijw .... 

Blood. .. 

Idvor .... 

(M-bladdcr and oonlouta 
Pancreas ("sweetbread”) 
Milt or spleen ■ a iilMiftin 


Bladder.... 

Womb. 

Hoad..... 

Skin (with feet, Ao.). 

Wool pawrlously shorn. 

l^ MfsosHw ^s om trimmings. 


Total M ofld H pacts ... 

Carcass ........ 

Loos byeraporatiom error in weighing, ■ 


No 1. 

No 9. 

No. 3 

No 1. 

No. 3 

No. 0 

No 7 

Nu b 

241 

9*39 

261 

2-35 

2 88 

3*61 

2*16 

2*1S 

496 

201 

4*08 

4*81) 

3*66 

2 67 

HO 

14M) 

470 

404 

1*03 

3*5 i 

1*63 

5*33 

317 

3*05 

1-03 

1*70 

1*71 

1-85 

1*56 

1*50 

1*75 

1*03 

1*33 

1*91 

1*71 

1*65 

1*00 

1*17 

2-OH 

2*11 

MG 

14)1 

2*01 

1*59 

1*55 

1*H6 

1 26 

002 

Oil 

0*43 

0*13 

0*45 

0*11 

0*14 

030 

0 10 

022 

0*10 

0*18 

0*12 

0*95 

0*17 

0*11 

012 

1*08 

080 

0*08 

0*1)0 

101 

0 04 

HN) 

1*41 

4‘38 

4*18 

44)3 

3*50 

4*85 

1*92 

4*10 

3 75 

1*03 

1*81 

1*04 

1*72 

1*68 

1*07 

1*79 

1*67 

0*00 

04H1 

04W 

0*10 


0*10 

I 

04)1 

005 

0*17 

0*16 

0*17 

0*15 

0*14 

0*17 

0*17 

0*17 

0*10 

0*10 

0*21 

0*15 

0*17 

0*11 

0*11 

0*15 

04)2 

04)4 

0*08 

j 04)8 1 

04)3 


04H 

0*05 

; 0*03 

0*06 

0*05 


04)7 

0*01 

001 


9*08 

3*00 

8*03 

2*07 

8*02 

8*08 

84)1 

9*01 

8*69 

84>7 

7*20 

74)8 

7*76 

7*33 

7*87 

8*76 

6*00 


3*21 

5*70 


4*80 

5*37 

3*04 

0*U 

| 

0*19 

0*29 

0*11 



0*93 

41*08 

88*80 

40410 

30*99 

41*70 

88*88 

4CM0X 

41*10 

58*49 

59*78 

59*00 

57*29 

57*98 

00*80 

00*01 

57*81 

0*00* 

1*88 

0*40 

2*70 

0*98 

1*73 

0*48 

m -m » 

1*00 

1004)0 

1004)0 

100*00 

100*00 

1004)0 

mm 

100*00 

100*00 

4 

10000 


# For particulars of Ibo/swM^ aeporimont, soo Artlolo on Iho “ OtnuparttliTO PatUniing (JunlUice of 
+ In this case tho sum of Hie weights taken fur Urn separated parts wweodotl tlio Posted live-weight, 
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Organa, and other separated Parts, in the Fasted Livo-weight, of SHEEP. 

mod&'atelg Fat condition. Fattening food—Oilcake, Olovor Chaff, and Swedish Turnips*. 
April 23,1863. 










MoaiiH of— 

Tl» 8 giving tho Medium amount of Increase during IftitUming. 

Tito 

4 of 

LnrgoHt. 1 

The 

4 of 
SniiilliMl 

jutriVHH*. 

Tito 1 

8 of 
Medium 
InmwHo. 

Tim 

10 

Crow- 

brrtl 

Ewi*h. 

No. 9 

No. 10. 

No. 11 

No. 12. 

No. 13. 

No. 14. 

No. 15. 

No. 10. 

[lUVOOHO. 1 

3-61 

3*01 

3*61 

3*31 

8*43 

2*58 


3*68 

348 

3*60 

3*51 

2*61 

5-49 

4*83 

|| 

3*64 

3*13 

3*85 


3*05 

H 

3*76 

4*02 

3-93 

4*81 

4-35 

4*77 

4*44 

4*77 

4*47 


4*21 

4*32 

4*34 

4*45 

4*37 

1*80 

1*69 

1*90 

1*69 

1-31 

1*73 

1 

179 

171 

1*08 

170 

1-70 

1*99 

1*98 

103 

1*78 

1*76 

2*14 

174 

1*86 

1*63 

1*84 

1*00 

179 

MS 

M3 

Ml 

1*74 

0*96 

1*87 

1*81 

1*86 

1*42 

1*40 

1-39 

1*40 

0*42 

« 

0*34 

0*37 

0*40 

0*46 

0*38 

0*42 

0*42 

0*43 

0*41 

0-40 

0-41 

Oil 

0*14 

0*31 

0*31 

0*39 

0*32 

0*22 

0*18 

0*16 

0*17 

0*19 

0*17 

1*02 

1*01 

1*00 

0*80 

M3 

0*99 

0*09 

0*92 

0 9*1 

1*15 

0*90 

1*0.1 

4*18 

3*48 

4*14 

3*40 

4*43 

4*10 

3-98 

4*0H 

4*06 

| 

3-97 

4*09 

159 

1*02 

1-83 

1*64 

1*89 

167 

1*79 

1*73 

1*85 

1*68 

1*72 

176 

IB9 

0*08 

0*11 

0*06 

(HO 

006 

0*06 

0*08 

0*07 

0*07 

0*07 

0*07 

0*18 

014 

0*14 

0*13 

0*10 

0*15 

0*16 

0*17 

0*16 

0*10 

0*10 

0*10 

0*31 

0*14 

o-w 

0*17 

0*18 

0*14 

0*15 

0*18 

0*10 

0*16 

0*17 

0*10 

003 

04)3 

0*08 

0*04 

0*04 

0*08 

0-03 

0*04 

003 

0-04 

0-03 

0*03 

0*08 

0*05 

0*04 

0*06 

0*08 

0*07 

0*05 

0*05 

0*06 

0*05 

0*00 

0*06 

3*84 

3*00 

3*98 

3*80 

8*13 

3*06 

3*17 

8*91 

8*00 

8*01 

3*06 

34)3 

1 

8*11 

8*13 

7*48 

8*76 

876 

7*71 

8*81 

7*94 

7*93 

8*10 

8*03 



0*33 

4*84 

618 

8*16 

6*81 

8*88 

5*87 

8*00 

6*80 

■HI 



0*16 

0*11 

0*11 

0*00 

0*14 

0*08 

► m iw rrt 

0*18 

0*17 

0-13 

0*14 

44*13 

39*80 

’ ~4 !m 

87*83 

| 

"1837** 

IStT 

30*75 

loir 

40*41 

4000 

40*48 

54*88 

68*47 

50*99 

01*34 



5370 

69*51 

68*02 

5879 

68*30 

58*60 

1*03 

184 


1*33 



0*66 

m 

1*83 


0*84 

0*90 

| B 

lEH 


,« - *-*i*»r" ***. 

100*00 

j 100*00 

im 

100-00 

100*00 

ltXMxT 

100*00 

** 100-00 

160*00 1 
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OK 


Aipshbu._Tabu XLVI. Showing hU 1‘encntay proportion of the individual 

Osum VI_10 ’Wothor Sheop of Hampshire Down Dreed, oinml Ijmr old, in 

Killed at KothftinHli'd, 



* Vat portico] aft flf tba fytdkfi Ofltpcrijnant, wo Airtiolo on tho “ Coinjwr&tm* Wlonin# 
t Jn each of tfieao omm tho wnigiit of cm Tastiolo ia included wi(h that of 1 (ip UlatMw. 
\ In thew caws the mm of (ho votgbto taken for tho wptmdod port* twooded tlu* Fcwtad 











SOME OF THE ANIMALS PED AND SLAUGHTERED AS HUMAN ROOD. G4 ( J 


Organs, and otlier separated Parts, in the Pasted Live-weight, of SHEEP. 

moderately Pat condition. Pattoning food—Oilcake, Clover Chad, and Swedish luroips*. 

May 8,1851. 


Ml'IKIH of— 


Tim 8 giving ilio Modiuiu amount of Iiiiyum during Fattening 

tv 
i »r 

Tim 
■1 of 
4iit»l 1 «*h 1 
urn aw*. 

Tim 

H nf 

Mmlmiu l 

1 lil'IYHKl*. | 

IV Mi 

itnmp" 
nliire 
Dim tie 

No, 0. 

No. 10 

No.il 

No 12 

No. 13. 

No. M. 

No. 16. 

No. 10, 

Ijnrpwl 

Inrmwe. 

2-30 

1*97 

2*17 

2*02 

2*19 

2*2-1 

2*12 

2*21 

2*28 

2*3,1 

9*15 | 

i 

2-23 

512 

5*77 

4*89 

4*90 

3*85 

4*49 

4*87 

4*50 

5*02 

4*82 

175 j 

4 8.1 

4*88 

879 

4*31 

6*55 

4*96 

3*98 

3*87 

4*59 

4*01 

4*80 

4*47 

4*43 

1*71 

1*78 

2*74 

173 

1*72 

3*00 

1*65 

1*90 

178 

1*69 

1*89 

1-81 

171 

2*24 

1*83 

1*87 

2*39 

1*80 

3*19 

1*90 

1*08 

178 

1*96 

1-84 

2*90 

2*51 

3*13 

2*97 

9*08 

3*24 

2*38 

3*39 

2*53 

2*60 

277 

2*07 

0*47 

0*49 

0*38 

0*35 

0*48 

0*88 

0*43 

0*39 

0*36 

0*37 

0*41 

0-38 

0*12 

0*96 

0*21 

0*17 

0*35 

0*24 

0*20 

0*10 

0 96 

0*19 

0*21 1 

1 

092 

1*00 

0*80 

1*01 

0*82 

0*91 

1*02 

0*80 

0*90 

0*H4 

1*05 

0 0» , 

| 0 01 

4-08 

4*05 

4*3.1 

3*00 

4*59 

379 

4*11 

4*88 

4*23 

4*12 

4*10 

4 08 

vm 

1*07 

1*59 

1*49 

1*45 

1*58 

171 

1*88 

MM 1 

l 

1*51 

1*69 

I 

1*62 

0*02 

0*09 

0*00 

0*11 

0-05 

0*05 

0*05 

0*03 

0418 

04)4 

0-0fl 

| 0-06 

0-10 

0*12 

0*13 

0*12 

0*12 

0*18 

0*14 

0*12 

0*19 

0*17 

0*14 

! 0*14 

i 

0*18 

0*14 

1 

0*10 

0*16 

(H7 

0*10 

0*17 

0*13 

0*14 

0*10 

0*16 

| 0*16 

0*04 

003 

1 

0*04 

04)2 

0*08 

0419 

003 

0*04 

1 

04)7 

0*03 

0*0.1 

1 

0*04 

3*05 

2*78 

2*93 

3*08 

3*05 

3*19 

3*23 

8*29 

9*90 

308 

8*06 

3*02 

7*28 

8*55 

777 

0*77 

7*50 

8*20 

9*08 

7*32 

8*47 

7*59 

7*81 

7‘92 

8*20 

3*89 

4*27 

3*17 

3*45 

8*80 

3*10 

274 

8*28 

3*00 

9*40 

3*49 

0*07 

0*18 

(911 

0*10 

0*10 

0*13 

0*11 

r ^ “i 

0*27 

0*10 

M.uWkTW’ m 

0*10 

<H4 

0*14 

*40*10 

"1557 

41*80 

TSoiT 

~39*«9 

Ju'k 

89*91 

3978 

39*89 

40*38 

39*90 

40*00 

59*35 

59*04 

5778 

00*65 

59*22 

60*38 

604)9 

60*24 

60*29 

68*85 

09*59 

50*53 

0*55 

1*12 

0*49 

0*34 

0*95 

0*23 

04)0$ 

0-00$ 

0*08 

0*87 

0*45 

0*47 

100*00 

100*00 

100*00 

100*00 

100*00 

100410 

100*00 

1004H1 

100*00 

100*00 

100*00 

100410 

W-J 1 mf. Ai 


Q mHtjd of ShMp,” Journal of the Royal Agricultural Society of England, vol. xii part 2. 
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Appbhbii.—Tabx .13 3am Showing tho Percentage Proportion ol thi» 

Ohabs YII.—10 Woihor Shoop of Sussex Down lireed, fthoul 1 \ your old, in 

Killnlal Kothninsfod, 


Designation of Paris 


Tba *1 Riving tho ImrN amount of 
Iucrcnw during J^aUouuig 


Tlu* '1 gntng tin* Nmiillnl wm mid id 
lunvun* during KuHonnig 


No. 1. 


/'Stomachs . . • 

Contents of stomachs . . 
Oaul-M.. • • • •• 

Small mtoetince and contents 
Largo inloatinee and contents 
Intestinal fid, .. 


Heart and aorta ■•••>•• 


t ■ • • * B 


Uoart-fitf. 

Lungs and windpipe .... 

JSlood . 

Iavur. 

Gall-bladder and contents 
Pancreas ("sweotbroad") 
lOloraploen.. .. 


2*43 

3*70 

4-48 

931 

1- 47 

2- 01 

0*38 

0*40 

0-87 


Bladder. 


TTwid . 

Skin (with fool* *o.). 

Wool pmiomly itom .. 
^M3aodlaoBOn> trimmings.. 


1-43 

0*02 

0*11 

0*18 

0*03 

9*68 

7*80 

3*08 

0*00 


* >| ■ . puma— ^ 

Total “atM” part* ,. 


Oarosss m ... ...i.*..... 

Loss by eraporatioxi, error in weighing, 


40*91 

59*02 

0*00t 


100*00 


No 2 No 3. 


2*02 

3*11 

4*08 

1*82 

HI 

2*80 

0*38 

<1*42 

0*80 

4*09 

1*00 

0*03 

0-17 

0*84 

0*04 

9*07 

0*77 

4*80 

0*10 


87*39 


2-87 

5*31 

4*76 

2*00 

1*72 

2*30 

0*43 

038 

0*00 


1*04 

0*03 

0*18 

0*97 

0*08 


7*03 

4*79 

0*04 


0*88 


100*00 


49*91 

57*79 

OKXtt 


100*00 


No. 4 I No.No 0. 


2*25 

0*21 

4-72 

2*11 

1-IIH 

2*17 

«*40 

091 

0*08 

4*16 

1*00 

0*01 

0*17 

0*29 

0*02 

3*11 

6*88 

3*60 

0*16 


80*61 


O-OOf 


2*21 

3*30 

5*21 

M0 

1*00 

3*00 

0* 43 
0*30 
0*00 
3*80 
1*03 
*0*03 
0*13 
0*20 

0*03 

8*11 

8*10 

4*48 
0*24 
40*36 
08*82 
1*18 


No 7 


100*00 1 100*00 


2*17 
120 
3*81 
2*15 
2 00 
1*88 

0*10 

0*13 

MO 

4*00 

1*70 

0*01 

0*13 

0*20 

0*03 

8*20 

7*73 

8*80 

0*27 

W M 

40*11 

68*72 

1*17 

100*00 


930 

5*18 

0*40 

279 

1*00 

2*67 

030 

0*24 

M0 

3*08 

1*08 

0*02 

0*10 

0*20 

0*00 

0*97 

7*07 

0*94 

0*19 


48*86 

60*14 

0001 

100*00 


No " 

2*20 
6 00 
1*10 
2*13 
1 88 
2 21 

0*19 
0 90 
101 
3*00 
1*70 
0*01 
0*21 
0*32 

0*01 
8*13 
7*00 
8*86 
0*18 
"4H7* 
67*83 
0*90 
100*00 


* For particular* of the fading arporiment, see Artiolo on (lie * Oompnrativo Fattening 
I In tlioso oesoe &o sum of tho weights taken for tho soi>ftrated parte oxcxwdocl llw Fasted 
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individ ual Organs, and other separated Parts, in tho Posted Livo-woiglit, of SHEEP. 
moderately Pat condition. Fattening Food—Oiloako, Clover GholV, and Swedish Turnips*. 
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Appendix.—Table LIY. Showing tho Percentage Proportion of Hit' individual 

Class XIV.—10 Sheep oiHampMro Dorn Breed, divided into 4 both, each with different 

ExjM'riment 07 din a. 


Designation of Parts. 


^Stomachs . 

Contents of stomachs .. 

Caul, intestinal, and hoart-fet 


e 


Small midstinos and contents. 

Largo intestines and oontonts ..... 


Jloart and aorta . 

Longs and windpipe .. 

Blood..... 

Liter... 

Gull-bladder and contents .... 

Hoad. 

l^ailn and wool (withfoot, Ac) 
Total "offid” parlsf . 


Ooroan...... 

Loss by evaporation, error in weighing, Ac. 


Lot l-Pood:- 
Oilcako—in fixed quantity 
Swodiali Turnips —ad hhifuiiu 


No, 1. 

No. 2. 

No. 3. 

No, I. 

No. A. 

2*38 

3*60 

3*61 

3*82 

2*82 

5 65 

0*77 

0-70 

9*14 

0*70 

8-60 

0*51 

9*20 

7*80 

0*30 

1*31 

1*46 

1*13 

1*71 

3*39 

1*03 

1*06 

1*56 

3*00 

1*77 

0*73 

0*80 

0*70 

0*67 

0*70 

1*34 

1*93 

HO 

1*17 

1-46 

4*30 

3*47 

4-37 

8*64 

3*93 

1*36 

1*64 

1*71 

0*99 

1*64 

004 

006 

0*09 

0*18 

0*03 

3*30 

3*20 

3*19 

3*61 

8*78 

11*06 

11*81 

10*03 

10*69 

13*41 

48*33 

44*63 

43*00 

44*10 ~ 

4478*" 

68*84 

60*80 

66*40 

88*01 

66*36 

-1*36 

-1*23 

1*00 

-0*77 

-0*14 

100*00 

10000 

100*00 

100*00 

Towo* 


Nit li KihkI: 

Onl* in il\ul quantity 
HwihIwIi Tui nip »«/ hhfUM 


No. C. 

No. 7. 

No H 

No it. 

No 10 

3-85 

3*81 

272 

3 Hi 

291 

8*39 

931 

763 

819 

8*30 

839 

8*00 

8*61 

080 

<H0 

1*13 

1*06 

1*61 

1*23 

2*18 

1*09 

3*16 

2*41 

2*17 

2*28 

0*88 

0*90 

0-70 

0*89 

0*71 

1*93 

1*88 

1*31 

1*81 

0 96 

it*H9 

378 

4*09 

8*81 

4*00 

1*39 

1*30 

1*08 

1*49 

1*69 

004 

0*00 

018 

0*11 

008 

3*10 

3*43 

8*13 

3*9) 

3*81 

10*19 

11*90 

10*97 

11*01 

14*11 

Mpi • * 

43*27 

40*91 

46*36 

4i*59 

47*01 

69*08 

66*17 

60*47 

67*60 

64*94 

| 1 

I 

! 

-1*88 

—1*88 

-8*16 

?! 
i ■ 

100*00 

WoT 

Torn" 

lOO-Otf 

109*00 

*■ OB MMk 


* Por partioolan of tho fudty experiment, rafiar, under the head of "Experiments with 6hoep-4ferf«a 1” 
t In the oaee of those animal# the Pancreas, Spleen and Bloddor wwo not wdgbsd. 
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Organa, and other separated Paris, in the Fasted Live-weight, of SHEEP. 

Food *. Moderately Fattonod. Bred, fed, and killed at ttotliamated.—Period of Feeding 
Killed April XI, 1818. 


Lnt3.—Food:— 

Clover Olwilf—in fixed tpwulily, 

Swodfah Turnips —ml lib if ioh. 

Lot 4.—Food 

OuLslraw Clwff, and Hmwlwh Turnips 
--euth ait libitum. 

Loti, 

1 

Let 2. 

drtnm of - 

Lot 3 

TajI 4. 

Tlie 

tit 

No. 11. 

No. 12. 

No. 13. 

No. 14. 

No. 10. 

No. 10. 

No. 17. 

No, 18. 

No. Ul 

■ "’Ifc rtfc.l MM 

10 

317 

2*03 

3*04 

3*17 

3*08 

8*01 

3*07 

2*80 

2*88 

2*04 

9*83 

3*06 

2*94 

2*87 

13*38 

0*35 

10*45 

10*57 

10*63 

8*38 

8*65 

000 

10*91 

6*08 

8*34 

10*88 

8*54 

8*09 

6*12 

7*19 

7*83 

7*90 

7*33 

8*06 

8*33 

9*32 

8*32 

8 SO 

7*65 

7*28 

8*73 

7*«5 

2*68 

151 

1*41 

1*53 

1*38 , 

1*89 

1*04 

1*87 

9*09 

1*58 

1*41 

1*74 

1*70 

1*03 

3*40 

8*09 

3*70 

8*74 

1*81 

2*01 

8*42 

1*80 

2*10 

1*86 

2*20 

2-08 

8*12 

222 

0*70 

0*83 

HI 

0*81 

0*80 

0*85 

0*89 

0*78 

0*0 i 

0-75 

0*84 

0*88 

0 78 

Obi 

1*23 

1*22 

1*43 

1*39 

1-29 

1*81 

1*40 

1*34 

1*28 

1*34 

1*21 

131 

1-31 

1 27 

4*00 

3*70 

3*27 

3*H2 

381 

2*06 

3*80 

3*73 

3 91 

3 90 

8-01 

3-73 

3 00 

3 79 

1*70 

1*31 

1H2 

1*80 

1*08 

1*50 

1*72 

1*21 

1*05 

1*40 

1*64 

1*71 

152 

1-flU 

0*02 

0*11 

0*01 

0413 

0*08 

0*00 

0*00 

002 

0*03 

007 

0-10 

000 

005 

0-07 

t 

8*07 

1 

3*13 

3*40 

3*35 

8*45 

3*30 

i 

8*80 

3*79 

3*35 

3*41 

8*53 

3*28 

344 

3*41 

11*97 

10*37 

1107 

10*61 

11*48 

10*83 

1 

080 

19*40 

11*51 

1 

11*60 

*******1 * 

11*88 

1000 

in wnrf n wmtil 

11*10 

* mf J 1 

11*41 

■» t+ 

ITS" 

44*82 

47*68 

”4t5T 


44*07 

45*40 

45*40 

48*06 

43*78 

j 

45*41 

47*00 

40*08 

46*67 

30*00 

tm 

53*30 

53*00 

69*76 

55*81 

65 60 

55*78 

52*30 

50*58 

00*50 

53*26 

54*89 

05*33 

-1*05 

-1*81 

-H8 

-084 

0*60 

-0*78 

-100 

-1*18 

-0*42 

—0*36 

-1*01 

I4H WVM 1 -* 

-0*86 

-0*87 

-1*00 

100*00 

1SS5T 

10000 

100*00 

1 

1(HMK) 

100*00 

10000 

10000 

looST 

100-00 

* fW. WW>* 

100*00 

100*00 

w0*oT 

Toyoo 
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Jiraronr-TiTOi IT. Showing Iho Perming' Preperfm of U» mdividiml 

Oubb IV.—20 Shoop of UtmpHre Dom Bnei, dividod into 11'lilts twh with dilTcmil 

Kxpmment lttti (layn. 



* Pot pwticulew ot tin* fading expetiment) ro&r, under the bead of 11 Experiment* with Sheep—Scrl« V 
t In the <w» of then ewafantda the HUdder vru not weighed. 



























mm ok Tin? animats kkd and slaughtered as hitman mm, <mi 


Orgnn**, nnd other hopnraird Pnrln, in tlu* Panted Live-weight, of HMSUL*. 

Pood». Motlmlety Rattened. Bred, fed, mid killed at RothaniHted. Period of Reeding 
Killed Oetoher 17,’lHW. 



lx>l *3 Fowl 




Ll>( 1 RlK#l 




Minin* n( 




Ilnriev 

m IK«1 oimnUly. 



Mall in Ihm 








(1im*r (Imir ml UkUtm, 



timer CliatT mltiVtuni, 






1 (in 



- 








I jot 3. 

Ijo( 2 

In4 8 

Ml ( 

111 1 

No. 1! 

No. 12. 

No 11) 

No. 11 

No. ID. 

No. 10. 

No 17. 

n« la 

No 111. 

No 20 

-A*. - 



* 

hluip 

2-IM 

3*01 

3*00 

3*01 

3*13 

2*131 

2513 

2*15 

257 

2*90 

2*77 

255 

307 

2513 

2 71 1 

1 

9*35 

7130 

10*01 

10*02 

10*13 

8*00 

8*23 

6*132 

7*135 

8*90 

9*28 

74)1 

903 

7*«3 

«*i5 ; 

■1*31) 

3*02 

4*92 

3*79 

4*30 

3311 

3*34 

3*0(3 

3*79 

5*130 

447 

5*131 

4*18 

44)1 

160 1 

MO 

MO 

1*28 

1*1)1 

1*27 

1*60 

1*51 

1*131 

1*45 

1*131 

1*73 

1*75 

1*31 

1*45 

156 

250 

2*71 

3*00 

1*00 

8*74 

2*31 

2-17 

2*21 

2*51 

2*118 

998 

2*1113 

2*01 

2*11 

259 I 

1 

1*02 

1*09 

HO 

1*70 

1*23 

2*02 

1*97 

2*07 

1 HU 

907 

1*83 

202 

1*58 

1*99 

i 

1*86 

Ml 

0-11) 

0*138 

03H 

0-12 

M3 

041 

0*138 

037 

0*139 

0-37 

0*39 

0*38 

038 

038 

1H9 

1M3 

031 

0-13 

0*31 

030 

0*39 

0*16 

0*42 

0*39 

0*38 

0*39 

033 

010 

036 

1 

M2 

001) 

0*813 

0*78 

0*88 

OH1 

0*9(1 

081 

091 

Ml 

1*00 

087 

0*80 

tJ’JHI 

091 ) 

1 

4*21 

4*70 

3*01 

375 

4*1(3 

4*183 

4*12 

4*23 

4*16 

4*28 

4*02 

3*87 

4*16 

422 

107 | 
■ 

1*27 

1*30 

MB 

1*27 

1*32 

1*22 

1*28 

1*31 

1*22 

1*56 

1*37 

129 

126 

183 

13) ' 
1 

0*01 

0*08 

0*00 

0*18 

0*07 

0*06 

0435 

0*07 

0*00 

0*08 

0415 

0*10 

1)4)8 

0*00 

i 

007 , 

i 

0*12 

0*12 

0*13 

0*12 

0*10 i 

0*08 

0*12 

0*13 

0*13 

0*16 

0*10 

0*13 

0*19 

0*19 1 

| 

oist 

1 

0*10 

0*13 

0*15 

0*11 

0*14 

0*15 

0*13 

0*16 

0*13 

0*14 

0*19 

(M3 

0*14 

0*11 1 

0*13 

3*90 

3*10 

3*28 

8*35 

3*08 ; 

8*14 

3*52 

3*46 

3*39 

3*29 

3*19 

3*28 

3*33 

330 1 

1 

3 37 

0*21 

0*22 

0*49 

10*58 

0*42 

872 

11*12 

11*79 

10*91 

8*08 

9*90 

9*04 

9*69 

* 

Hill '! 
•» 

9*611 1 
. 1 

42*08 

i*70 

44*67 

mi 

43*80 ' 

30*40 

42*18 

40*44 

4*1*75 

" 41I-76 

43*44 

40*79 

42*62 

41*82 

4201 | 

57*02 

0044 

50*03 

57*20 

30*11 

(30*54 

67*82 

59*56 

58*96 

50*54 

56*56 

59*21 

07*69 

68*51 

f: 

5796 , 

0*00 

0*00 

-0*70 * 

0*00 

0*00 

0*00 

04)0 

0*00 

0*00 

0*70 

04)0 

0*00 

-Oil 

0*14 1 

| 

009 

Too-oo 

100*00 

100*00 

100*00 

100*00 

100*00 

w w art * 

100*00 

Woo" 

100*00 

100*00 

100*00 

109 00 

”10000 

Too 1)0 | 

<•* 

1004)0 

—• 
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MB. J. B. urn AM) SB. J. U. OILBHET ON TUB COMPOSITION OP 


Cubs XVX—25 


Appbsdix.—Dabij LYT. Showing tho Percentage Proportion of llio individual 
Sheep of Hmplm Som Breed, Mod ielo II lain oaoli will, diffomit. Food*. 


Killed 





















SOME OP TEE AN IMAL S PED AND SLAUGHTERED AS HUMAN POOD, 663 


Organs, and other separated Parts, in the Pasted Live-weight, of SHEEP. 

Moderately Patfcencd. Bred, fed, and killed at Eothamsted. Period of Peeding Experiment 70 days. 


Juno 19,1849. 



Boyal Agricultqr d Sodefcy of Bn$I*4 Vtih'K port 1. See ak>, the Mor note at the foot of tbo Table of the* Mwd WtlgW' to which the hnmtagn k thi» Table refer (Appendix-Table XXXI). 
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664 ME. J. B. LAVES AND DE. J. H. GILBEBT ON THE COMPOSITION OF 


Arrainm_ Tail* LTII. Showing the Percentage Proportion of tho individual 


Class XVII.—14 Slieop of SompoUre Pom BteeA, divided into 8 Lots—Pod respectively, for Git days, 
and MangoldB, and Lot 8 with Oilcake and Mangolds. Total period of Feeding Experiment 90 days; 





Lot, 1.—Konrl* 





Clover OliutV- 

-in JIsihI (iiutulily. 




8\V(vlMi Tunuim, hicshly mmmivd, or 



Designation of Parts, 

Mongolch—iwf Wntunu 





No 1. 

No. 2. 

No. 3. 

No. 4. 

No. ft 

/ 

Stomach* «* • < ■ < • < ■ »»•* «*«• • *•<* 

3-07 

270 

273 

,2*04 

2-HH 


Contents of stomaolus .. ... » ** 

0*03 

37.1 

4*40 

5*11 

41*410 


Oaul-ftt... 

470 

3*92 

4*78 

4*33 

1*20 


Small Intestines and contents. 

8-35 

1*47 

1*88 

1*81 

1*80 


large intestines and contents...*... 

8-58 

2-13 

2*10 

1*98 

2‘HO 


Intestinal fob ...... 

1-08 

1*04 

2*47 

9*00 

3*18 

«• 

1 







3 

A 

Heart and aorta ..... 

0-47 

0*30 

0*37 

0*38 

0*10 

il 

*8 


0*41 

0*40 

0*49 

0*40 

tl*4H 

i 

Longa end windpipe ..... 

174 

0*80 

0-80 

1*03 

0*08 


Blood..\. 

8*03 

.180 

4*10 

3*87 

4*24 

l 

Uvnr... 

1*43 

1*34 

1*00 

1*30 

1*46 

<L 

* 

Gall-bladder and contents .. .. 

0*03 



0*04 

003 

'r 

<* f 

Pancre^(‘^sweetbread**) .. 

0-15 

0*10 

010 

018 

0-17 

i 

Miltor spleen ....... 

0-10 

0*16 

0*10 

0*16 

0*10 


Head ......... 

3*37 

3*30 

3*01 

3*28 

8*20 


Sidii ^with Ibot) &o*)« » »> • i • % * * ► fi ««*««■• i * * ian i ««■ 11 1 4 • t»ii i •* • 1 4 • * 

7*45 

7*20 

7*12 

082 

7*04 

1 J 

^Vfiool pwrtoualy iiliorn*,v f ....v..... 

5*04 

8*45 

8 k 18 

5*to 

: 5*55 

—"V..— 

~48‘?r 

8873 

41*10 

■. 

4177 

44*40 

^ ■ jl ’ , J v \ 

' 1 . - 1 - 1 ' ^ ; 

«4*8i 

39*81 

80*85 

; 57*04 

53-17 

^ -S 1 y fl 1* (. .-r ^ ^ 

iwnly eroporop<ni# to. y^gT^ngjJsft . 


1-94 

2*25 

\ 

1*08 

3*43 

*. 

■ ^ „ t • ’ 

' ' i - iV if ' . . 

RQ 

ima 

100*00 

100*00 

108-00^ 



jL-A-1_ 

l 


1 —„ ^,_„f 

—. . .. 


1 ' ' I 

Wool shorn May 39. " - ' t In the case of those animals tiie bladder ww not weighed. 

&& k r - ’ ( u 11 

























SOME or Tins ANIMALS fed and sladghitebed as human food. 665 


Organa, and other separated Parts, iu the Fasted Livc-woight, of SIIEEP. 

with Clover Chaff, and Turnips, differently mauurod; then, for 33 days, Lots 1 and 2 with Clover Chaff 
namely, from Mar ch 7 to June 11. Bred, fed, and killed at Eothamatod Killed Juno 12,1840. 



Lo( 2.—Food:— 



Lot 3.—-Food 

_^ 



Means of - ■ 


Clover Oliftir—m fixed cniniitity. 

Clover Clmil —m fixed quiiiil ily. 






1 Swodish Turnips. 

manured willi 

Hwcnlmli Turnips, umiifliiuml mf Mmm. or 1 




— 

Suporpliosplmto of Lime iilouo, or 1 

Oilunkfl 

m fixed quattUl.i. 






The 

Mimgolds- -fid libitum. 


jllangimls -ml hmtuin. 



ijoti i. 

r,oi 2. 

I/»t 3. 

ii 

- - 




- 

■* 







Stiocp 

No. (i 

No. 7. 

No 8. 

No. 0 

No. 10. 

No. 11. 

No 12. 

No. 13. 

No. 11. 

***** 


* 

-,- rJrrTr ... 

2 85 

2*52 

3 21 

2*70 

2*35 

2*26 

2*62 

2*53 

2*71 

■ 

283 

2*10 

2*63 

0-34 

5*00 

5 53 

5*fi0 

5*21) 

5*50 

4*05 

4*05 ’ 

7*40 

5 7*1 

578 

5*47 | 

5 66 

3*49 

(1*04 

3*04 

327 

3*31 

4*31 

471 

7*50 

3*12 

4*43 

4*88 

5 01 

4*61 

1*70 

178 

1*05 

2*08 

1-41 

2*11 

1*88 

1*08 

988 

1*80 

1*88 

HI 

i 

1*80 

2*08 

221 

HK) 

2*34 

1*27 

2*13 

2*10 

1*70 

205 

9*32 

2*2(1 

1*88 

2*14 

1*84 

1*82 

1*04 

2113 

3*01 

11)7 

1*81 

3*70 

2 37 

2*10 

2*13 

938 

2 28 

031 

031 

0*30 

O 17 

0 37 

0*15 

044 

0*12 

0* ill 

0 10 

0*13 

0*13 

1 

<H2 

031! 

038 

0*27 

087 

0*18 

0 43 

0*40 

0*25 

0*30 

0 40 

0-31 

0*30 

■ 0*10 

1*31 

004 

1*02 

1 1C 

0*K1 

1*20 

1*01 

1 11 

1*1,1 

1*00 

HK 

llltt 

1 1*01 

l 

371 

8*06 

4*07 

440 

8*17 

■1*40 

8*87 

400 

4*91 

3*78 

4*13 

4*00 

! 3*05 

f 

1*47 

1*30 

1*37 

1*43 

1*40 

1*58 

107 

1*37 

1*56 

1*44 

1*30 

1*35 1 

| 1*43 

i 

E9 


01*0 


0*04 

0*10 

0-00 


0*04 

OCR 


0*07 


0*13 


0*18 ; 

0*13 

017 

0*15 

0*14 

0*11 

0*23 


0*10 

0*16 

0*16 

0*18 


0*18 

0*17 

J 

0*17 

0*18 

0*15 

0*18 

017 

0*10 

0*18 

0*16 

0*17 

383 

3*13 

206 

3*46 

260 

3*12 

8*38 

3*38 

3*68 

8*20 

8*29 

8*28 

3*24 

7*25 


7*41 

7*57 

7*4 0 

065 

8*04 

6*56 

7*03 

MB 

7*81 

774 

7*40 

3*8(1 

400 

4*80 

3*415 

3*78 

8*80 

609 

4*88 

4*06 

4*00 

5*27 

487 

5*09 

***■**■•**' -i ■* 

43*02 

4*70 

m 

48*50 

-V -if.- 

30*18 


ItH * « A'A v 

44*30 

43*72 

r #. n * hw* 

43*80 

~4hT 

49*80 

*»** »***■ «*•* *M 

43*00 

* 1 

42*33 

34*04 

30*23 

■ 

34*23 

5053 

57*37 

54*37 

53*22 

34*41 

m 

55*02 

06*18 

m 

0*04 

0*06 

HH 

9-27 

007 

-0*87 

1*21 

1*06 

1*70 

2*06 

1*38 

0*82 

' +r mm « u" 

1*88 

100*0Q 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 

*j 100*00 

Tofroo 

100*00 

■» •#*>« *1 

100*00 

100*00 

t 

1 10000 


MDCCCMX* ■ '4‘t k 




















J. B, LAWES AND BE. J. li. GILBERT ON TUB (IMPOSITION OK 


Appjsnlix.—T able L1X. Showing the Percentage Proportion of the individual 
Olabb I.—9 Piga, divided into 3 Lota, oaeh witli rather different Food*. 


i 


Designation of Farts. 


|jot l Kmiil ’ 

Ilouu and Lnutil meal m Uvcd fjiuvuiiij. 
Bran ml libitum. 




Ho. 1. 

No 2. 

No. a. 


Stomach and contents. . 

319 

1*48 

1*30 


Oaul-fat I, HM ••■*••1 • •»# i • •» • ■ * 

0 .li 

0 43 

0*39 


ftintt.il intoetinoe and eon tents . 

1*59 

1*91 

3*30 


Largo iutoetinofl und contents.• 

7*53 

3*60 

5*00 


Intestinal fat, " wudgeon,” &*.. . 

0-113 

0*76 

0*00 

Ia 


<k« 

0*35 

0-30 

i 


0*78 

1*01 

0*98 

4 

i 

Blood . 

4-41 

4*0-1 

3*18 

il' 


1*70 

1*80 

1*72 

It 


0*05 

0*12 

000 

1 

Pancreas (“sweetbread ") . 

0*14 

024 

0*10 

1 

Mill or spleen. 

0*16 

020 

0*25 



0*14 

0*05 

0*05 


Penis (t» uterus)... ; 

0*35 

039 

0*18 


Tongue..... 

0*68 

009 

0*48 



0*13 

0-11 

0*11 


k Miso(dlanooufl Mannings . 

0*41 . 

0*33 

mm m * 

0*11 

• m* 


i*Si 

17*63 

18*29 

Oaxowi (including hoed end fed). 

78*04 

81*80 

70*59 

Loss by evaporation, error in weighing, 4c.. 

1*40 

0*02 

2*19 


100*00 

’~TdiK hT” 

100*00 


* For particulars of tin fitting experiment, mite to Fen* 9,10, end 11, under the hoed of « BxperbueuU with 























SOME OF THE ANIMALS FED AND SLAUGHTERED AS IJUiVHN FOOD. 


Organa, mid other separated Parts, in the Panted Live-weight, oi PIGS 
Somewhat under Fattened—the Pood containing a considerable portion of Bran, 


Lot 2.—Food.— 

Indian moftl—in flxod quan¬ 
tity. 

Bran — ad libitum. 

Lot3 - Food:— 

Bonn and Ijcntil meal, and 
Indian muni—in Osrtl 
quantify. 

Brim — m libitum . 


Mount: of— 








]/>t 1. 

3 Vign. 

Ixrt 2. 

3 l*»gH. 

La 3. 

3 rigH. 

Tin- 

0 PitfH. 

No. 4. 

No.r> 

No. 0. 

No. 7. 

No. 8. 

No. 0. 

,1-37 

1-00 

1-88 

Mil 

1*66 

1*34 

1-00 

171 

1-00 

1-00 

0-74 

0-09 

0-48 

0-07 

0-54 

015 

0-30 

0-01 

0-65 

0-52 

2-11 

3-72 

300 

2-77 

3-10 

2-80 

3-37 

2-05 | 

2-03 

3-05 

3-04 

5-62 

4-72 

460 

6-08 

5-01 

6-38 

4-40 | 

4-00 

4-01 

1-30 

006 

0-80 

103 

088 

001) 

078 

1-05 

0 00 

0-01 

032 

018 

032 

0-20 

0-27 

0-28 

0*33 

027 | 

0-28 

020 

0-84 

0-72 

0 86 

0-00 

0 83 

0 00 

01)3 

0-81 | 

0 01 

0K8 

i-39 

4-00 

3-43 

3*83 

3-00 

4*20 

J-08 

3-02 l 

3-01 

3-«7 

1 

1-30 

1-01 

1-50 

1*63 

1-30 

174 

102 

147 

1-56 

| 1*56 

007 

0-06 

0-00 

0-00 

00-1 

0-00 

0-0H 

1)00 

(MW 

| 0-07 

0-33 

0-18 

0*11* 

0-91 

0-14 

0*14 

O’lM 

0*10 

(HO 

j 0-18 

010 

0-J9 

0-14 

0-16 

0-13 

0-10 

0-20 

0-14 

0-16 

0-18 

0*10 

0-07 

i 

0-03 

0-10 

0-00 

0*00 

0*03 

007 

0-07 

j 1 0-07 



0-29 



0*28 

o-»4 ; 

0-29 

0-25 

| 0-24 

063 

0-40 

0-48 

048 

0-60 

0*43 

008 

0-03 

0-S1 

0*54 

0-10 

0-05 

0-08 

0-08 

008 

0*11 

HI 

0-08 

(MW 

0*00 1 

0*06 

082 

0-11 

0-Off 

0-10 

>10 

026 

0*10 '■ 

0*12 

f , 0*18 

ttm* %/ * 

10-78~ 

20-01 

~18~2 T 

”1878 

UST 

18-87 

80-10 

18-70 

18*04 

1 

10-27 

83 58 

78-04 

81-41 

80-20 

89-01 

81*27 

78*40 

81-01 

81-18 

80-22 

-0-8« 

1-35 

0-82 

0-00 

-0-00 

—0*14 

1*38 

0*20 

-0*12 

0*61 

"loo 00 

100-00 

10000 

100-00 

100 00 

100-00 

100-00 

100-00 

100-00 

| 10000 


Fig*—Seri* I,” jjr thOe —"Fig Feeding," Journal of tho Royal Agricultural Society of England, voi. tw\ part it 
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MR. .T. B. UXTJ» AND DR. 3. II. COLBERT ON Till! COMPOSITION OP 


Appendix.—Tabus LX. Showing the Percentage "Proportion ofihe indiudiuil 
Class II.—12 Pigs, divided into 4 Lois, each with rather different .Food*. Moikraich / 







7 Ait 3. Food 




Loti. Food: 

! ml win mcnl in 

0\«1 



Beau and Lenlit nu-ul 

(innnlilv 



Designation of Paris 

ml libitum. 


Bonn and (A'Ultl meal 
in/ fibifitui. 



No. 1. 

No. 3. 

No. n. 

No. *1. 

No. ft. 

No. 0. 


'Stomach and contents .. ... 

1-49 

MM 

1*43 

0 76 

111 

0-70 


Caul-fat. 

9*40 

070 

o»7 

0 50 

0*10 

049 


Small inloolincB aud contents. 

177 

3*09 

3*17 

173 

311 

8-01 


Large intestines mid contents. 

8*G1 

376 

6*10 

3*47 

4*01 

3*70 


Tiiteduml fat, ‘•miulgt'on,” Su\ . 

171 

109 

] 40 

3*10 

137 

1 39 

9 

(Temt and aorta . 

0*35 

036 

030 

0*31 

0*30 

0*32 

z 

LungH and wiudpjpe . 

0-119 

0*07 

0*79 

007 

0*01 

00,i 

i 

Blood..... 

371 

8*84 

4*37 

3-00 

4*03 

1 10 

•8 

U, ■ 

liw . . .. . J 

1*85 

1*06 

171 

Hit 

M3 

170 

l 

Gall-Wadtlar mid content# .... 

0*08 

0*00 

006 

0*06 

000 

(HM> 


Pancreas ^^BWt'OtbfpQd 1 ^ ... 

0*10 

0*31 

0*36 

0*31 

033 

0*80 

I 

Milt or Bploen... 

o-w 

014 

0*10 

019 

0*17 

OU 


Bladder. 

0*00 

0*08 

0*11 

0*09 

0-07 

0 06 


T?anifl (of ntairuB'k..-. 

0*30 



0*18 


(HO 


Tdrurao .... 

0*46 

0*46 

0*63 

0*40 

0*11 

0*41 


Tooe . 

008 

0*10 

0-08 

000 

0*00 

0-0H 


k Mbcolbuiooua trinunlugu. 

0*31 

0*33 

0*31 

0*19 

0*30 

0*10 

{Total "M" part* ...,. 

17*10 

17*31 

19*03 

10*38 

10-65 

16*94 

Corea* (Inritading bead and foot).. 

83*83 

83*48 

79-40 

89*63 

83*00 

8*1-01 

ioa by evaporation, owe* in weighing, &c, ..... 

—0-03 

0-SI 

1*68 

1*30 

0*96 

0*09 


10000 

imT 

iobiT 

lOOdxT 

~fM * 

"100*00" 

100*00 


* 7m partionlMM of ft# fading experiment, refer to Pena t, 2,3, and 4, under tho bead of " Rxporimruli nilli 





















SOME OP THE ANIMALS FED AND SLAUGHTERED AS HUMAN POOD. 671 


Organs, and oilier separated Parte, in the Pasted Live-weiglit, of PIGS. 

Fattened—tlie Pood containing a considerable proportion of Boon and Lontil meal. 


Lot 3.—Food • — 

Bran—m fixed quantity. 
Bom and Lontil mad— 
ad Ubitum. 

Lot 4.—Pood 

Indian meal and Bran— 
in fixed quantity. 

Bean and Lontil meal— 
ail libitum. 


Moans of— 



Lot 1. 

3 Pigs. 

Lot 2. 

3 Pigs. 

Lit 3. 

3 Pigs. 

Lit 4. 

0 Pigs. 

Tlio 

12 

Pigs. 

No 7. 

No. a 

No. n. 

No. 10. 

No. 11. 

No. 12. 

1-21 

175 

1*45 

1*10 

1*50 

1*00 

1-31 

0*80 

1*47 

1*45 

1*27 

0*00 

0*55 

035 

0*40 

0*62 

0*33 

0*51 

0*40 

0*50 

0*47 

0*40 

2*84 

2*57 

3*30 

2*33 

2*00 

2*21 

2*01 

1*05 

9*57 

2*21 

2*10 

4*31 

4*02 

4*03 

4*35 

4*50 

4*60 

4*17 

3*41 

4 55 

4*40 

4*1(1 

1*03 

0-58 

WO 

MO 

1*51 

0*01 

1*01 

1-01 

0*05 

1*20 

1*35 

0*1(1 

0*33 

035 

0 33 

0*27 

031 

027 

0*27 

021 

031 

0 27 

0*79 

0*87 

0*03 

0*71 

1*00 

0*84 

0*00 

0 04 

0*71 

0 85 

0 73 

3*70 

4*10 

4*03 

2*!l» 

18.1 

r»*;io 

3 01 

1*00 

3*07 

4*38 

4 OH 

170 

1*32 

1*33 

1 83 

1110 

1 53 

1*81 

Mil 

1*01 

1*77 

I 71 

0*08 

005 

003 

004 

0 08 

0*01 

0*00 

0*00 

0*05 

005 

0 05 

0*24 

0*22 

0*22 

0*20 

0*91 

0*21 

0*10 

0*20 

0*28 

0*29 

0*22 

0*13 

0*10 

0*13 

0*11 

0*17 

0*18 

(Hfi 

014 

0*14 

0*10 

0*15 

0*07 

0*11 

0*10 

0*08 

0*10 

0*19 

04)8 

0*07 

0*09 

0*10 

0419 

■ 


• ■MM 

0*18 



0*30 

0*17 


0*18 

0*10 

0-52 

051 

0*41 

030 

0*40 

0*47 

0*48 

0*49 

0*49 

0*43 

0*40 

0*00 

0*11 

010 

0*00 

0*11 

0*11 

0*00 

008 

0*10 

0*10 

009 

0*63 

0*47 

037 

0*20 


0*32 

0*31 

0*93 

0*40 

0*90 

0*83 

U'l- 0 P##i . 

18*12 

18*01 

.* w hh.i -m • 

17*78 

ToST" 

10*417 

ToST 

18*01 

10*89 

~iiTin 

’TiSr 

17*88 

80 84 

81*01 

8M2 

83*04 

89*71 

80*90 

81*90 

83*09 

81*19 

89*18 

• 

88*07 

104 

-0*25 

M0 

-0*18 

-9*18 

0*00 

0*00 

0*00 

0*09 

—0*76 

Ail WflUO* ».■*■**■< 

0*10 

100*00 

100*00 ~ 

Too-oo 

Too 00 

100*00 

Too-oo 

100*00 

100*00 

100*00 

1100*00 

10000 
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Appendix.—Tabes LXI. Showing tlio Percentage Proportion of ilio individuti 
Class HI.—15 Pigs, divided into 6 Lots, each with rather different Eood* 


Leflignation of farts. 


Lot 1.—Food.— IiOtl Food: . 

Indian meal —ad iAltuin. Bean and la-nlil weal is 

fixed munit it v. 
Indian meal tut nfn'fuM, 


Ijot 3. Food * 

Rrnu in HximI quantity. 
Indian meal tut libitum. 


No. 1. No. 2. No. 3. I No. I. No. 3. No. «. I No. 7. No. «. No. 9. 


'.Slonuicli and contents . 

Caul-fat. 

Small intestines and couteuta.. .. 
JDnt^c intestines and contents.. .. 
Intestinal fat, “ Bludgeon,” At*. 


• Ilcnirl and aorta . 0*27 

tiungH aud windpipe . 5 72 

Blood .. 3*58 

Liver. h*14 

Gall-bladderandeuntoulb .. 501 

Pancreas (“sweetbread”) . 023 

Tdill or spleen ...... .. .... .. 0*10 

Bladder. ... « ...... . . ..... 00*1 

PeniB (or uterus). 0*31 

Tongue. 0*43 

Toes . 0*08 

^Miscellaneous trimmings. 0*38 

Total “offid" parts. 15*54 

Carcass (Including head and foot) . 89*75 

Low by evaporation, error la weigiting, &o. — l’fi9 


100*00 


0*33 0*39 0*30 0-29 0 25 

0-73 0*81 0-03 0 05 0*7(1 

3*01 3-70 3*08 

W9 1*18 
0-08 0*07 00(1 0*05 0*0(1 

0*18 0*37 ’ 018 0*13 0*25 

0*15 0-13 0*11 0*15 O-ll 

0*07 0*05 0*08 009 00(1 

.. .. 0*35 0*45 .... .. ... 

0*45 0*47 0-30 O-ll 0**15 

0*11 0*08 0-07 0*08 0-09 

0*31 003 0*30 0*00 0-30 

Tfl 70 * 14-58 Ifi-47 13*87 15 00 

80-04 84-48 83-77 85 01 83*01 

-#1*80 0-94 0*78 0*59 0*49 


0-00 

0-31 

0*10 

0*0(1 

0*50 

15-70 

83*89 

0*30 


0-58 

008 

0-13 

10-37 

89-91 

0-79 



0-13 

0*08 

0-94 

14-10 

84-96 

1-04 


100*00 | 

i 

100*00 

100-00 

100-00 


» For particulars of fettling experiment, refor to feus ft, 0,7, 8, and 13, under the bead of “Experiments with 
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Organs, and other separated Ports, in tho Fasted Livc-woight, of PIGS. 

Well Fattened—-the Food containing a considerable proportion of Indian-corn Meal. 


Lot 4.—Food.— 

Lean and Lentil meal, and 
Bran—in flrnxl quantity. 
Indian meal —ad libitum. 

Lot 5. -Food 

Bean and lentil mwl, In* 
than menl, and Bran— 

Mrann of 

each ttd hhitmn* 


Lot 1. 

»rig». 

Lot 2. 
31%}. 

Lot 3. 

3 Pigs. 

Lot 1. 

31'ifi*. 

1 

■ 

Tim 

Jl> 

So. 10. 

ESI 


No. 13. 

No. 14. 

No. 15. 

I'm* 

H 

1-20 

1-20 

1*08 

1 82 

MO 

L'20 

0*87 

1*02 

1*15 

1*55 

H8 

0-00 

0*53 

0*64 

0*49 

0 07 

038 

0*55 

0-50 

0-54 

0*59 

O-OI 

0*57 

1*80 

1*71 

2*22 

1*45 

904 

1*32 

1*82 

194 

1*50 

1*01 

1*00 ’ 

i 

1-80 

3-30 

434 

3*19 

3*00 

341 

2-78 

9*84 

311 

3*73 

301 

300 

3*28 

1*80 

1*05 

0*74 

0*00 

1*70 

0-87 

1-80 

1*72 

1*40 

190 

1-20 

1-37 

0-20 

027 

0*25 

0-28 

0*28 

024 

0-30 

0*20 

0*20 

0-27 

0*27 

097 

0*37 

0 72 

008 

0*68 

0*78 

050 

0-75 

0*07 

0*08 

0 00 

0*05 

098 

3-19 

3*82 

3*03 

3 23 

3-50 

3*12 

305 

399 

3*20 

399 

3 (0 

11* 13 

1 *45 

1*84 

1*30 

1*20 

1*5*1 

1-38 

HO 

1*38 

1*50 

1*311 

130 

1-43 

0-01 

<m 

0*10 

0*04 

0 03 

(MM 

0-0 i 

000 

Cl 01 

ooo 

0 03 

0 05 

0-28 

0*10 

018 

0*12 

010 

010 

032 

0*10 

0 90 

092 

0-17 

020 

on 

o*u 

0*13 

0*12 

0*11 

0*19 

0-13 

0*13 

0*18 

0*13 

CHil 

0*13 

0*08 

007 

0*05 

0*00 

m 

an 

m 

0*08 

0*08 

007 

0*07 

007 

Kjl 

0*29 

0*93 

0*14 

0*91 


0*98 

0*45 

094 

099 

0*17 

094 


0*41 

0*44 

0*56 

0-47 

0*40 

0*48 

0*49 

0*48 

0-41 

0*48 

0*45 

■ 

0*08 

007 

008 

0*11 

0*08 

000 

008 

0-07 

007 

000 

0-08 

|Pf ijf’P 

0*14 

0-25 

0*28 

0*34 

0*25 

091 

097 

0*81 

097 

090 

0-90 

1530 

ft » WW 

10*30 

1590 


17*04 

RJU 

1598 

1598 

1597 

15*78 

~15*15~ 

15*41 

88*87 

89*80 

88-84 

84*04 

80*78 

1 

85*49 

84*43 

88*00 

83*50 

83*87 

84-18 

0*77 


0-77 

0*03 

1*88 


—0*80 

0*90 

0*74 

0*79 


0*41 

ToO'OO 

100*00 

Too*oo 

IB 

m 

100*00 

100*00 

ISkhT 

|mmT 

iooio 

100*00 

1001)0 
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Appendix.—Tab lb LXH. Showing the Percentage Proportion of tho individual 
Or. a u p IV.—12 Pigs, divided into 4 Dots, according to tho Pood*. Moderately Fattened. 




Lot 1.—Food: 

- f 

Lot 2.—Food:- 

: r 



Lonlok and Bran—in fixed quantity. 

foutils, and Bran—in fixed quant ity.| 


Designation of Parte. 

Su^ar —nd librium. 


Slami - nd libitum . 




No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. f». 

No.fi. 


’'Stomach and oonienta . 

m 

1*08 

1*87 

1*44 

0*93 

0*92 


Gaul-M... 

0*61 

0*71 

0*51 

0*04 

0*51 

0*10 


Small intestines and contonto... 

1*81 

9*19 

1*89 

9*87 

1*08 

2*04 


large intestines and oonienta. 

4*70 

4*70 

4*14 

5*88 

5*08 

5*78 


Intestinal flit, “mudgoonAc. .. 

0-57 

0*05 

0*57 

002 

0*44 

0*50 

h 

Heart and aorta . 

0*38 

' 

0*35 

0*31 

0*98 

0*30 

0*37 

1 

3 

Dongs and windpipe . 


0*84 

0*91 

0*78 

0*87 ! 

1*00 

3 


8*18 

353 

3*01 

3*88 

379 

4*82 

1- 

Xivor. 

1-45 

2*01 

1*01 

1*74 

1*51 

1*78 

! t 

flall-Maddor and content*... 

000 

0*01) 

0*03 

0*19 

0*11 

0*12 


Panama (iTTOfjtbpead n ^ . 

0*14 

0*83 

0*14 

0*19 

0*18 

0*19 

1 

TWTIfc rtp nplfiflu . 

0*13 

0*15 

0*10 

0*19 

013 

016 


m 

Bladder . 

0*18 

0*05 

0*05 

0*12 

005 

0*08 


Penif for utaruri.,*. i4 .. 


0*17 


0*19 

0*10 

0 18 


Tongue .... 

0*67 

0*03 

000 

0*05 

V IV I 

0*48 

0*53 


Toea ..... ... 



000 

0 00 

0*08 

0*08 


( Miscellaneoustrimmings .. 

* i • ■ * 



0*10 

0*08 

0*08 

Total u ofiM ” part*.. 

15*87 

17*48 

iT5b ' 

10*00 

~ 15*00 

1W 

Oamrh finahidinff Viand owl fkitV . 

88*78 

8W7 

84*94 

78*35 

82*50 

70*55 

Lomhy evaporation, error in weighing, &c.,. 

0*05 

1*85 

—0*19 

9*05 

0*90 

0*18 

? 

_ . . 1 — lf _ .. . . 

100*00 

100*00 

100*00 

100*00 

.—— 

| 10000 

IookhT 


* For particulars of the fotding oxperimont, boo Article “ On the Equivalency of StaroU and 
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Organa, and other soparatod Part*, in tlio Fasted Live-weight, of PIGS. 
The Food consisted, in considerable proportion, of either Starch or Sugar. 



Lo*3. — Food:— 

Lentils, and Bran—in flxod quantity 
Sugar, and Starch —ltd libitum. 

Lot 1.- Food: - 
Lentils, Hrnn, Sugar, and Starch 
- cadi ud libitum. 

bit l. 

N 

bit 2. 

ilium of • 

bit 3. 

bit (. 

■m mm V«b 

Thn 

12 

hg». 


No 7. 

No. 8. 

No. 0. 

No. 10. 

No. 11. 

No. 12. 

3 XV 

3 JV 

3 IV 

8 J’lga 


1-27 

M0 

1*17 

0-82 

1*30 

1*50 

1*07 

HO 

1*31 

1*20 

HO 


0-00 

0*05 

0*53 

0*0(1 

0*54 

0*07 

0*01 

0*50 

0*59 

0*03 

0*50 


1-82 

3*07 

3*40 

3*01 

2*00 

3*01 

1*94 

3-09 

3*12 

2*46 

2-15 


4'50 

5*44 

4*37 

4*03 

4*40 

5-01 

4*51 

5-91 

4-77 

4*98 

0*05 


0-82 

0*61 

0*73 

0*00 

0*75 

051 

0 00 

0-55 

0*70 

0-05 

0 03 


0*32 

0*33 

0*33 

0*20 

0*29 

0*31 

033 

0-31 

0*32 

029 

0-31 


071 

0*72 

0 73 

0*00 

0*78 

0 (19 

0-81 

0-90 

0*73 

0-72 

0 79 


3-35 

3*72 

3*00 

3*01 

3-17 

3*71 

3*12 

4*02 

3-3K 

3*51 

3*50 


102 

1*40 

1*52 

1*05 

2 00 

1*80 

1*09 

I-OH 

1*55 

1-HH 

1-70 


0 07 

0*00 

0-00 

0*00 

010 

0*07 

0*00 

0-12 

0-07 

000 

0 08 


(HO 

010 

0*14 

0*18 

0*1(1 

021 

0*17 

0*19 

0*t« 

0-19 

O-iH 


0*10 

013 

(Ml 

0*13 

0*11 

0*13 

0*15 

0*14 

013 

0*13 

Oil 


0*07 1 

0*10 

0*07 

0*08 

0*08 

0-00 | 

04)8 

0*08 

0*08 

0*08 

0*08 





0*18 

0*38 


0*17 j 

0*18 


0*23 

0*19 


0-04 

0*54 

0*48 

0*40 

0*44 

0*44 

0*05 

053 

0*52 

0-44 

0*33 


0*07 

0*08 

0*10 

» ■ • M * 

0*08 

oon 

0-09 

0*08 

04)8 

04)8 

0*08 


0*14 

0-13 

0*10 

0*15 

0*10 

0*04 

dUHMIk 

0*00 

0*14 

m » m 

0*13 

0*13 

M HI 


10*517 

17*38 

H5*01 

10*34 

17*81 

18-oiT 

10*88 

* mf 

10*55 

j 

~ 17*71 

17*37 


81*77 

81*85 

82*08 

83*34 

80*78 

70*51 

83*08 

80*18 

81*74 

80*84 

81*44 


1*00 

1*37 

Ml 

1*43 

1*71 

1*51 | 

0*80 

1*34 

1*71 

1*45 

H9 


7o04>0~ 

100 oo~ 

1004)0 

"ioooT 

ickmxT 

100*00 

100-00 

100*00 

ioo-oo 

1004)0 

1 

mt 

foo 00 "| 
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MEMORANDA, ERRATA, ETC. 

[Noth —The numerical errors in the Tables, which are noticed in the following lint, are tlio most import¬ 
ant that have been delected; but, though it seemed desirable to correct them for purposes or reference, 
none of thorn affect the conclusions given in the text. It will bo seen, that the larger u umber of the required 
corrections are duo to but a few original errors in the statement of actual quantities; the results of which, 
however, ramify into the lines o£ Totals, into the columns of Moans, into the corresponding Percentages, and 
generally also into moro than one Tablo. A few others, of still less importance, have been observed, to which 
it is thought unnecessary to call special attention. They occur chiefly in one or two of the Tables of Per¬ 
centage Proportion of Organs or Parts, and in amount aro within the range of the second decimal place.] 

Page 688, line 4: for _“than that of tho moro moderately fatloued animal.” read than that of iho 

more moderately fattened animal, or than that of cither Oxen or Sheep. 

Page 660, last sentence of second paragraph: for —“Of these, Tables XVII., XVI11., XIX., XX., 
TTT v ft nd XXII .,” An.j read —Ofthose.Tables XVII.,XV11T., XIX., XX,XXJ., XXII., and XXILI., &c. 


Table XVH. p.668 

Col umn 1 Mr —“6 0*6” in line of Contents of stomachs, read -4 12*1; and accordingly,/ev—“8G 4*9” 
in line of Total Oflhl parts, read- 84 0*6. Jbr—«356 10*8 ” in lino of Carcass, read— 158 8*5, And in 
accordance with those alterations, for— u 8 12-8” in lino of Loss by evaporation, error in weighing, Ac., 
vea &-% 8*0. [Note—Tho same amonded numbers as hero given, should bo carried in (in tho correspond¬ 
ing lines of courso), in tho lost Column but throo, of Appeudix-Tablo X V. p. 605.] 

Column 8. Pbr—“ 07 4*7 ” in line of Contents of stomachs, read 06 16*2; /or- “ 17 t*8 ” in lino of 
Small IntostinoB and contents, read - *18 1*7; and/or - "18 4*0” in Hue of Large Intestines uud contents, 
10*0. [Note—Tho samo amonded numbers as hero given, should bo carried in, in the lost Column 
but one, of Appondix-Tablo XV, p. 606.] 

Column 4. J6br—“ 08 16'8 ” in line of Contents of stomachs, wad—02 12*8 ;/**—“ 10 18*6 "inline 
of Small Intestines and contents, read —,17 12*0; and/w^-" 18 2*8 ” in lino of Largo lutestinoH and <*on- 
tonta, wad—18 7*0. [Note—Tho same amendod numbers as hero given, should bo corned in, in Column 1, 
of Tablo I?m. p. 664; and in tho last Column of Appendix-Table XV. p. 606.] 

Column 6. Pbr—“I 7*0” in lino of MisteUancous trimmings (= Heart trmimings only, sco also Ap¬ 
pendix-Table IL p. 681), read— 8 6*2, as in Appendix-Table XV. p. 605, OolunAi of Bullock No. 18. And 
accordingly, jibr—“428 10*8 ” in line of Total Offivl parts, read— 425 0*5; and Jbr “ 10 10*7 ” in lino of 
Loss by evaporation, error in weighing, &a, read —8 11*6. 

Column 7. For— il ZZ 12*6 ” in lino of Caul Pat, read— 29 18*0. Tho diflbronco, 3 16*6 (Heart trim¬ 
mings, see Appendix-Tablo ITT- p. 582) +6 1*0 (trimmings from the nook) as 0 0*6; which amount, insert 
in lino of Miscellaneous trimmings, os in Appendix-Table XV. p. 606, Column of Bullock No, 12. And 
accordingly, Jbr— 1 “ 460 18*8 ” in line of Total Offal parts, read— 406 14*8; and, /or— ft 18 12*7 ” in line 
of Loss by evaporation, error in weighing, &o., read —18 11*7. 

Table XVQ3. p, 669 1 — 

Odumn 2, JBbr— u 182 8*8 ” in line of Pinal weight unfasted, wad—156 0*8. Pbr—“ 0 2*1 ” in lino 
of Miscellaneous trimmings, read —0 8*1; and in accordance with this, for —“58 18*2” in lino of Total 
Offal parts, read—6 8 14*2; and for— tt Q 18*0” in line of Loss by evaporation, error in weighing, Ac,, 
read—0 12*0. 

Column 8. For —“ 124 11*4 ” in line of Original weight, read— 99 1*8. 

Column 4. For —“ 115 1 ” in lino of Original weight, read— 124 7*2. For— li 144 38*1 ” in lino of 
Pinal weight unfasted, read—14B 9*1. 

Column 5- Omit figures—“90 11*4” in line of Original weight. JV—“0 2*7” in lino of Con¬ 
tents of stomachs, read—6 7*7; Jbr—" 412*2 ” in lino of Hoad, read— 411*4; and in accordance with these 
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alterations, for— 1 * 64 6-4 " in lino of Total Offal parts, read —04 10 6 • nnd/«*—“ 0 0*1" in lino of Loss 
by evaporation, error in woighing, Ac., read, —0 4*1. [Note The same corrections as hero given, should 

be carried in, in the last column, of Appendix-Tablo XXXIII. p. 626.] 

Column 0, For —* 1 109 13*6 ” in lino of Original weight, read —107 7*2. For—** 160 4*9 ” in line 

of Final weight unfasted, read —162 16*4. 

Column 9. For— 11 0 8*6” inline of Gall-bladder and contents, read—Q 0*8 j and in accordance with 
this,/or “ 47 3*6 ” in line of Total Offal parts, read —40 11*9 j and/or—“ 19*3 ” in lino of Loss by evapo¬ 
ration, error in weighing, &c., read —2 1*0. 

Table XIX. p. 660:— 

Column 3. For —“ 246 10*7 " in lino of Fiual weight unfiwtod, read —236 10*7. 

Column 8. For—** 222 9*8 ” in line of Final weight uufasted, read —220 1*1. 


Table XX. p. 601:— 

Column 1. For —“ 2*39 ” in line of Contents of stomachs, read “1*89; and accordingly, for—** 84*01 ” 
in line of Total Offal parts, read- 33*64. For —*“ 62*63*' in line of Carcass, r^-63<13.” And ui 
accordance with these alterations, fn—** 3*48 ” in line of Loss by evaporation, error in weigliing, Ac., read 
—3*33. [Note—The same amended numbers as here given, should be carried in, in tho last Column but 
three, of Appendix-Table XL. p. 637.] 

Column 3. For—** 8*44 ” in lino of Contents of stomachs, read —8‘83j foi '—“ 1*49 ” in lino of Small 
Intestines and contents, read— 1*67; and,/>*'—“ 1’18 ’* in lino of Largo Xntostinos and contents, read —1 21 - 
[Note—Tho samo amended numbers as hero given, Bhould be carried in, in tho last Column but one, of 
Appendix-Table XL. p. 687.] 

Column 4. For—** 8*44 ” in line of Ooutonta of stomachs, reml— 8*31; for—** 1*62 ” in lino of Mnul 1 
IntestUios and contents, read-V -00; niid/r—“ 1*22 ” in lino of Largo Intestines and contents, read 
[Note—The same amended numbers oh hero given, should ho carried in, in Column 4, of Table XX 111. 

p. 604 j and also in tho lost Column of Appendix-Tablo X h. p. 637.] 

Last Column. For—** 2*38 " in lino of Caul Fat, read—10 ; and in lint) tit* Miscellaneous trimming*. 
iwiort—0’Q4i. And in accordance with those alterations, foi*—** 32’48 ” in lino of Total OHM parts, read**' 
32*84} and/>r—“1*32” in lino of Loss by evaporation, error in woighing, &«., 0*1)0. 


Table XXI. p. 662:—» 

Co lumn 6. For—** 8*62 n in line of Contents of stomachs, read—&'8tS \ for—** 6*81" in line of Caul 
Fat, read-8' 18} for—* 10*84 ,f in line of SHn and Wool, road- 11*01} and in accordance with these 
alterations, for—** 87*71 ” in line of Total Offhl parts, read-6 7*98. For—** 62*28 ” in line of Carcass, 
read _61*91; and for—** 0*01 ” in lino of Loss by ovaporation, &o., read —0*11, 

Column© (Half-fat Sheep). For—“Q'&OQ" in line of Gallbladder and contents, 0*061; and 
in accordance with this,'jbr—“ 44*948 " in line of Total Offid parts, read— 44493} mdfor—*' in 
lino of Loss by evaporation, error in woighing, Ac., read —1*961. 

Page 671, laat 6na of first paragraph: before the word— 11 ‘ Oarcoes n vMori tho words—liore reckoned. 

Appondb>Table XY. pp. 694—696:— 

Mem.; in line of « Bladder, with penis, or womb,” the amounts set down to Bullocks Nob. 9,12,18 and 
14, include both Bladder and Penis} those set down to the other Bullocks refer to Bladder only* In tho 
same line, in the last column but one,/>r—“ 0 16*7,*’ read X 0*7 \ whioh amount is tho turn of the mean of 
the Bladder, and of that of the Penis, each taken separately. In the same line, in the last column, the 
amount represents Bladder only} the Penis, or Womb, being included with the “ Loss by evaporation, error 
in weighing, Ao/^’ 

Column 2. For— a Q 6'Q ” itk line of Contents of stomachs, read—5 10*2} and in accordance with 
this, j/br— M 87 W }i in line of Total p«d,part^ rwd-86 8*9, Fp~> a 167,7’6 ” in lino of Carcass, read 
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—•100 0*0. And in accordance with these alterations, for —“ 18 7 - 8 in lino of Loss by evaporation, < rioi 
in weighing, Ac, read —12 16*1. 

Column of Bollock No. 12. For-" 81 4 0 ” in lino of Content* of stomm-lis, read-71 8 8 i for- 
“ 8 11*7 ” in line of Small Intestines and contents, read —14 10*6; and for ** 5 2 6 ” in lmc of Urge 

Intestines and contents, read —6 4 0. 

Column of Bullock No. 18. For—** 100 1‘0” in lino of Contents of stomachs, read— 88 0 0; for— 
«8 s o” in lino of Small Intestines and contents, read— 10 130; and for— (t 0 00” in line of Urge 
Intestines and contents, read —9 9 0. 

Appendix-Table XVIII. pp. COO—601:— 

Column 6. For—* 1 I 7 ” in line of Loss by evaporation, Ac., read—0 17, 

Column 10. For—** 182 4 " in line of Live-weight after fasting, read— 132 11. 

Column 14: in line of Bladder, tho amount represents botli Bladder and Womb, that one Sheep being 

an Ewe. 

Appendix-Table XXL. p 006. Mom : in Columns 2 and 3, respectively, the amount set down for 
Bladder includes one Testicle. 

Appendix-Table XXVI. p. 613. Column 8. For— 1 * 0 12 ” in line jf Heart-fat, read—l 2-0. 

Appendix-Tablo XXX. p. 618. Column 1. For “112 2 0 ” in lines of Final voight, aaer fasting, and 
of Live-weight after fasting, read— 141 2*0. Fw'—“ 83 0 ” in lino of Carcass, uad— 82 0. 

Appendix-Table XXXIII. pp 624-626 

Column 16. ffor—“67 6-6” in lino of Total Oflal ports, read—57 3*0 •, and in accordance with this, 
fw—** —0 12 1 0 ” in line of Lobb by evaporation, orror in woigliing, Ac., read, —0 10*0. 

Last column but two. For—** 4 10*0 ” in lino of Contonts of stomaohs, read— 6 2*0} and in accord* 
once with this, for—** 01 14*7 ” in line of Total OITal parte, read— 02 7*0; and for—** 0 0*7 " in line of 
Loss hy evaporation, error in weighing, Ac., read , —0 7*6, 

Appendix-Table XXXVI. pp. 630-631. Column 17. Fv'—" 144 6*3” in line of Original wuight, read 
—148 5’8. 

Appendix-Table XL. pp. 680—037:—■ 

Column of Designation of Parts. Omit the words—“ Live-weight after fasting” in tho bottom lino. 
Column 2. For —“8*17 ” in lmo of Contents of stomachs, read —2*38 j and in accordance with this, 
for—? 1 88'98” in line of Total Offal parts, read —82’97. For—** 60*86 " in lino of Carcass, read—5 2*06. 
And in accordance with those alterations, Jbr—**^ 1” in line of Lohb by evaporation, error in weighing, 
Ac., read —4 98. 

Column of Bullock No. 4. For—** 0*11” in line of Bladder, Ac., read—O' 04 j and in accordance with 
this,Jbr—“41*11” inline of Total Oflfcl parts, read— 41*04; andyhr—“ 2*08” in lino of Loss by evaporation, 
error in weighing, Ao., wad —2*16. 

C olumn of Bullock No. 9. Mem. t the amount “ 0*07 ” in lino of Bladder, Ac., include* both Bladder 
and Penis. 

Column of Bullock No. 12, For ■— M 6*92 ” in lino of Contents of stomaohs, read— 6*44 j for —“ 0*02 ” 
in line of Small Intestines and contents, read —1'08 •, for—** 0*86 ” in line of Lwgo Intestines and contents, 
read —0*44; for—** 0*72” in line of Heart-fat, read— 0*44; and for —** 0*86 ” in lino of Miscellaneous 
trimmings, read —0 64. 

Column of Bullock No. 18, For—** 8*12 fi in line of Contents of stomachs, read —7T4; for—** 0*07 ” 
in line of Small Intestines and contents, read— 1*86; and for—** 0*40 ” in lino of Largo Intestines and con¬ 
tents, read— 0*78. For— 1 “081” in line of Howrt-&t, read— 0*20) and in accordanoo with this, for— 
of Total Offal parts, read —84*48 ,* and foi'— ti 0*71 ” in lino of Lose by evaporation, orror in 

—0 82, 

I 

* * * 

J 4 
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Notwithstanding the number of valuable observations upon this subject which have 
been made since the publication of the tot memoir of Lavoisier, there is but little 
which has been conclusively established. Of the causes inducing this, two have para¬ 
mount importance, viz. the practice of deducing large from small quantities, in reference 
to a subject in which the quantities are over varying, and the absence of any method 
whereby experiments could be repeated so frequently as to trace the changes actually 
proceeding during the inquiry. I have named these two because it is to correct, them 
that I have directed my own observations. 

During tho past year I had the honour to transmit to the Royal Society the results of 
an extended inquiry into tho influence of various agents over the quantity of air inspired, 
a short abstract of which was published in tho c Proceedings * of the Society. Since that 
period I have carried the inquiry further, and have determined tho influence of those 
agents over the carbonic acid exhaled, as well as over other phenomena of respiration* 
'The apparatus employed by previous observers for the determination of the quantity of 
carbo nic acid contained in the expired air, has been one of the following description !-*— 
1st. That adopted by Prout*, CoATHuraf, VxbrordtJ, and Bobkbr$, consisting of a 
bag or other vessel of known capacity, into which the air was expired during a certain 
time, and with a noted number of expirations; and a graduated tube, into which a por¬ 
tion of this expired air was passed, and the carbonic acid abstracted by potass, soda, or 
lime. This was adapted to experiments lasting a few seconds only at a time. 

2nd. A box of sufficient capacity to permit a man to be seated in it, and rendered air¬ 
tight, except at points which permitted the entrance and exit of air in given directions, 
The analysis of the expired air was made by the aid of potass. This was SchaRling’s || 
method, and by it he collected the products of the lungs and skin together, during a 
period not exceeding 1J hour* It was not practicable to determine the quantity of oiv 

* Tsombo3T , s Annate Pb&osopty, vote. ii» and iv. t PhtoopMcal Kagarin a, 1880. 

t Phyriologia A*. | BetogS sarReilkunde, Ac,, 1840, 

fj Annalea d& Cbimie, vpl. viii. p. #$, A 
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inspired, or to what extent the air was respired more than once; and it was not easy to 

piove how much caibonic acid remained in the box. 

3rd. The method of Amhul and Gavabbbt*, by which a mask of tho capacity of an 
ordinary expiration was placed ova the whole face, and a continuous current of air 
mode to pass through it into an analytical apparatus without respiratory effort. . 

As the motor power was a •vacuum produced in the receiver of the expired air, c 
duration of each inquiry was limited to about half an hour; and as all the air admitted 
to the mask and the receiver did not enter the lungs, it was not possible to determine 

the volume of air inspired. , . , . . 

Hence it was necessary, in order to pursue any serial and long-continued inquiry, to 

devise a method which had not been adopted by previous observers. 

The apparatus which I prepared for the pmposo, after a long series of experiments, has 
already been presented to the Royal Sooioly, and it differs from any heretofore employed, 
inaanroch as during tho aot of expiration, and for any length of time, it abstracts the 
whole carbonic add exhaled by the lungs. With it was conjoined a small dry gas-motor, 



to measure the volume of the inspired air, as described in my former paper. Tho appara- 
may be thus briefly described, 

* Axmales de Ohimta, vol viii, p 129. 
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and other phenomena op respiration. 

A mask (A) is worn of a capacity only just large enough to receive the nose, lips, and 
yfrin, and the apertures of the entrance and exit tubes. The part which sustains the 
tubes (A 2) and the valves is made of brass, to the free edges of which is soldered sheet- 
lead of sufficient thickness to remain fixed upon the features when it has been well 
moulded to thernfA 1), and to prevent the entrance of air except through the entrance- 
tube. Elastic bands are suitably attached to it so as to bind it upon the head, when the 
h ands must be left free for other purposes. The entrance-tube is conuected with the 
spirometer by vulcanized caoutchouc tubing, and during the inspiration of the air tho 
index of the spirometer (B 1) registers the quantity from 1 to 1 million cubic inches. 
The exit-tube le ads to the analytical apparatus, and is connected with it by vulcani/cd 
tub ing . There are valves suitably arranged to prevent a retrograde current, and so light 
that they do not offer any important amount of resistance to the current of the expired air. 

The analytical apparatus consists of— 

1st. A Wotrura’s bottle (C), of the capacity of 70 cubic inches, which is filled with 
pieces of pumice-stone moistened with sulphuric acid. To the bottom of tliis the 
current is directed, and in it the vapour is abstracted from the ©spired air. 

2nd. A gutta-percha box (D), consisting of a series of chambers, each Iths of an inch 
in depth, and offering a total superficies of 700 inches. The chambers arc imperfectly 
subdivided by partitions (E) into compartments of 2 inches wide, and so arranged that 
the col umn of air must traverse the several compartments in each chamber, and each 
chamber in succession from the bottom to the top of the box. Hence a column ol air, 
2 inches wide X iths of an inch deep, is directed over an area of 700 inches. This area 
is occupied by a solution of caustic potash of tap. gr. 1*27, which is introduced iuto each 
chamber separately, and whioh, through fissures in tho partitions of the compartments, 
pa ss es freely over the whole surface of each chamber. $y this arrangement all the car¬ 
bonic add is abstracted with the rapidity of ordinary expiration; and B0 fluid ounces of 
the solution was found by experiment to abstract the whole carbonic add up to 600 grains. 
(It will be observed that the air is not passed into, but only over caustic potash.) 

3rd, A second drying apparatus (C), similar to the first one, to abstract the vapour 
which had been carried off from the solution of potash. 

4th. A test of baryta water, over which the current was made finally to pass. 

At the conclusion of each inquiry, the increase in weight of the potash-box (1)), and 
the second drying apparatus (C), gave tho amount of carbonic add abstracted; and this 
was determined by the aid of one of Oebtmng’s balances (F), constructed to weigh, with 
great care, to the xirffth of a grain, with 7 lbs. in each pan; but it was not employed to 
indicate Jess than the t^th of a grain in the large quantity of carbonic add collected. 

The apertures of the tubes throughout the apparatus had an area equal to that of the 
trachea, Iso as to offer lire least possible resistance to the ourrent of air; a pressure of -fttlis 
of an inch of acolumnof w^ter sufficed to move the spirometer, and an adverse pressure 
of about half that amount offered to expiration. Bya series of experiments, I deter¬ 
mined the extent toWbich the drjfag and apparatus were per¬ 

fectly effident; and care was alwaya taken to lunch within those limits. Several 

4x3 
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sets of apparatus were at tend, so that by rapidly detaching one and attaching another 
to the "'-A (A), a continuous inquiry could be maintained for an indefinite period; and 
when large quantities of air were required to pass through them (as under the influence 



Drawing of a model in the possession of the Eoyal Society, showing the mtoiior construction ol tho 
potash-box. There is a series of chambers communicating by openings which are defended by a flange, as 
at e, and divided by partitions, os at 6. At o tharo are two sliding tubes, tough wliioh tho air is passed 
into the bottom chamber, and tough the latoraL openings of which tho solution of potash is passed into 
and out of eaoh chamber separately. Tho openings wo dosed during tho oxporimont by tunupg tho inner 
tube half round its axis. 

of exertion), a double set was used at tho same time. By some of those methods I was 
enabled to make experiments in sleep, as well as in wokofubess, and with walking or 
other modes of exertion, as well as at rest; also for ono or any limited number of minutes, 
as well as for hours, and even for the whole day, continuously, except during short inter¬ 
vals for meals. When the experiments were not continuous, they could be repeated 
every t en minutes. Thus was avoided the fallacy attaching to tho different composition 
of different volumes or currents of the expired air by abstracting the caibouic acid from 
the whole; and the duration of each inquiry permitted mo to escape from tho errors of 
the influence of the mind when directed to tho respiration, and of inferring largo from 
very small quantities. In addition to this, I have endeavoured to give a more serial and 
extended character to the investigations than any hitherto rooorded, 

The barometric pressure, and the tomporaturc with tho wot and dry bulb thermo¬ 
meters, were duly recorded. The time was moasured by an astronomical dock. 

The objects of the inquiry were, tho rate of pulsation and respiration, the quantity of 
air inspired, and the amount of carbonic add contained in the expired ah*. Tho amount 
of vapour exhaled was also in a few instances determined; but it was found that the 
addition of this subject would render the inquiry too burdensome, and incapable of 
repetition with sufficient frequency. 

In the following communication I propose to show—- 

quantity of carbonic add evolved, and tho changes in respiration, with and 
and with and without food, in tho twenty-four hours of tho day. 
from day to day, and from season to season. 

TI3 ‘VVeiflkixLg and the treadwhed. 
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I. QUANTITY OP CARBONIC ACID EVOLVED, AND CHANGES IN RESPIRATION, WITH 
AND WITH OUT EXERTION, AND WITH AND WITHOUT POOD, IN THE TWENTY- 
POUR HOURS OP THE DAY. 


1. With ordinary food. 


No inquirer has hitherto collected the whole carbonic acid evolved by the lungs in 
any considerable part of the day, neither has any one made serial experiments at each 
of the hours of the day. Numerous observers have made isolated experiments at 
various periods of the day (some have even experimented during the night); and a few 
have, on certain days, made inquiries at intervals of about an hour for a largo part of 
the day; and from these experiments, varying in number, duration, and interval, the 
quantity of carbonic acid exhaled by the lungs in the twenty-four hours has been deduced. 

Lavoisier a nd Sequin*, in their memoir of 1789, state that the medium quantity 
exhaled by the latter per day was 2 lbs. 6 oz, and 4 gros, but in the memoir of 1790 they 
reduced it to 1 lb. 1 oz. 7 gros and 4 grs. These quantities represent 10 oz. 4 gros and 
5 oz. 7 gros of carbon. They do not givo the particulars of their computation. 

Coathupe f computes that he expired 6*45 oz. avoirdupois of carbon doily. 

Valentin and Brunner $, from inquiries prosecuted on several persons, give 178 grs. 

of carbon as the quantity exoreted per hour, 

Andral and Gavarret§, and Souarlinq||, from similar inquiries made on a number 
of persons respectively, state that the quantity of carbon burnt per hour varies from 
77*2 grs. to 217-7 grs., and from 80*2 grs. to 154-3 grs.,—quantities equal to 283 grs. und 
798 grs., and again to 294 grs, and 606 grs. of carbonic acid per hour. 

Vierordt has made a larger number of experiments, and of a more uniform anti serial 
kind than any hitherto published. He found that the medium of five of the highest 
and five of the lowest experiments gave 7*5 grs, of carbonic acid per minute., The minima 
were to the maxima as 1 to 2*25. 

Barral^ inferred the quantity of carbon burnt by determining the difference between 
the quantity contained in the aliment and that found in the excretions. It varied in 
himself from 8J- oz, to 12 oz. daily at different seasons of the year. 

Baron Liebig**, by a similar mode of inquiry upon a large number of Hessian soldiers, 
found the medium quantity to be 18*9 oz. daily. 

I do not think that we are justified in deducing the total quantity of carbon expired 
in the twenty-four hours from the small quantities determined per minute or per hour 
as above mentioned, when the authors have declined to do so; for most of the experi¬ 
ments were not intended to embrace all the variations of that period. Andral and 


Gavarbet expressly state that they do not feel warranted in doing so from their expe¬ 
riments. Moreover, no, just comparison of the results can be made, since they were 
obtained un der' and also under unrecorded circumstances; and some of them 

include the carton mtfasledihy the sjdn also.. The following comparison is therefore only 
to a certain extent true >**' ; T t ,. f / % V* , 


■' , V, ' *' ^ r t u < ,, 

* MAmoiies de l’Acad&aie dee Science®," *■' • * +< Zw; rib 


$ Zoe.oib 


Zoo. ait, 4 Annalefl da Ohimie, 8 stir, vol. xxv. 


| Lehrhnch tier Phyaiokgi*. 
** Letters on Chemistry. 
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Subjects of experiment 


Lavoisier and Seguin’ 


Coathupe .... 
Valentin and Bbunneb 

Andbal and Gavabset 


One person. | 


One person. 
Several. 

Several. 


Carbon oxpiroA in 2t home 
o-B. gros. 


SCHABLING' 

Baeeal 

Liebig 


>Slan also 


:: 


{ 
{ 

One person. | 


Several. 


10 

5 

6*46 
9*202 
4*0068 
12 
4*4 
8*404 
8*6 
12 


^French. 

Avoirdupois. 

Avoirdupois. 

jAvoirdupois. 


Avoirdupois. 


i 

Avoirdupois. 


Many persons. 13*9 
Vibbobdt .One person. 6*78 

This Table shows that the estimated quantities hitherto recorded are very diverse, and 

I now proceed to state the result of my own inquiries. 

Four series of inquiries have been instituted to deteimiue those foots. In two (see 
Tables I. and II) the experiments were continued during ton minutes, at tho commence¬ 
ment of each hour, and also of each half-hour immediately following tho meals, whilst in 
the others (see Tables HI. and IV.) the inquiry was continuous, that is, tho whole 
carbonic add was collected during the whole hours of tho working day, with very short 
intervals for meals. Of tho two first, one took place on March 12, 1868, in tho Hunterian 
Museum of the Royal College of Surgeons, by tho groat courtesy of tho President and 
Council of that learned body, beginning at 7 a.m. and ending at midnight; the other in 
the house of Mr. Moul, who, with great devotion to sdonco, gave very offidont aid in this 
inquiry, continuing from 6} A.M. until 10 r.M. on May 16. 

In the first inquiry the subjects were:— 

Myself, let. 38 years, 6 feet high, 196 lbs. in weight, and a vital capacity of 280 cubic 
inches. 

Mr. Moul, at, 48 years, 6 feet 9} inches high, 176 lbs. weight. 

Dr. Mume, at. 26 years, 6 feet 7$ inches high, 183 lbs. weight, vital capadty 260 
cubic inches. 

In the second, myself Mr. Moul, and Frofossor Fjranhlaitd, F.R.S., set. 88 years, 
5 fee110} inches high, and 186 lbs. weight 

The two latter inquiries (or those in which the whole carbonic add was collected) 
were prosecuted upon myself alone; one on March 22, in the Hunterian Museum, from 
6} am. until 9} P.H., and the other in my own house on August 10, from 7} am. until 
11} P.M., with the exception of 1} hour in the first, and one hour in the second inquiry for 
toeqty at three or four periods of the day. All these inquiries wore made in tho sitting 
^Ws^scpapt during 2} hours at various times in each of tho two lost inquiries, when 
re#rf*^| 0 <^bt in the standing posture, at accurately noted poriods. A state of 
A1 ^ was aimed at; but I undertook tho weighing, and being alone in 

]10, t had also the duty to fill and empty the apparatus; and 
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hence, without remov ing from my place, there was a small degree of exertion made. In 
the two former inquiries exertion was taken in the intervals of the examinations, but 
we sat down some minutes before each experiment was renewed. It is probable that in 
Dr. Mubie’s case there was on a few occasions a little excess in the results, owing to the 
want of close attention to the latter circumstance. On a review of these experiments, 
I believe that the two former, viz. those in which the experiment was not continuous, 
may be taken to represent the state of the system at rest, and the two latter in ordinary 
but not absolute quietude, that is, in the state in which men remain when slightly 
engaged but not moving the whole body. 

The periods above mentioned include nearly 18 hours, viz. from G a.m. to 11 j\m., or 
from 7 a.m. to 12 p.m. all inclusive; and in order to compare them, I have made such 
addition by computation to each as will include that period; and I regard the results as 
indicating the true state of the system during the working day. The particulars of the 
computation are as follows:— 


Computation of the Carbonic Add expired in eighteen hours from the returns 

obtained in the four inquiries. 

March 12. The inquiry embraced the whole period. 

May 16. The inquiry was continued through 10$ hours. 

J * J Self. Mr. Moul, 

gw. K™* RW. 8™* 

16$ hours at 10 per minute (collected) = 9000 at 8*01=7000 

( 6 to 6$ a.m.) $ hour at 8*86 per minute (computed)= 206*6 at 7*1 = 210*3 

(11 to 12) 1 hour at 8*6 per minute (computed) 610_at 7 420 

10076*6 8680*3 

In Professor PbatoanU the average of 16 hours, at 6*86 grs, per minute* was used for 
the 18 hoursca 7192*8 grs. 

gw. 

March 22. 18 hours’ experiment (collected) 9106 

(8 to 6| a.m.) | hour’s experiment (computed) 868 
(9£ to 12) 2$ hours* experiment (computed) 1126 

10644 


gw. 

August 10. 16 hours'experiment (collected) 10786 

( 6 to 7$ a.m.) 1$ hour experiment (computed) 627 

(11$ to 12) $ hour experiment (computed) BOO 

11718 

i 

Pood wastaken at 8$ am., 1$, 6$ and 8$ p.m., in all the experiments, The break¬ 
fast consisted of good tea with sugar and milk, bread, butter, bacon or eggs. The 
dinner, of heefiteakoiir mutton chop, with bread, potatoes and,water, The tea meal, of 
tea, with sugar andmife-a^b^ T!he supper of boiled eggs, and bread 

and butter, with 1 waW' 5 > j 1 V " ' ] 

The details of the results of these Equities tete given in the following Tables, Nos. L, 
n„m.,andiy.;— ' 
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Experiment made at Mr. Mold's house. 
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TauiiK TIT. 

Ex periments made in the TTuntcriiui Museum 


ou myself alone, 
quarter or luilf hour. 


March 22, 

Tempeidiuie 

Baio- 

Cailiouic 

dCU) 

An 


Pultc 

1858. 

Wet. 

Diy. 

motel. 

pen win 

pci nun 



h ra 

6 45 a. or. 

a 

O 

* * • 

inch. 

• ■ • 

an. 

7*93 

<ub. m 
474 


pi l mm 

77 

7 0 A.M. 


4 • • 

30*14 

7*53 

487 

« • • • • 

75 

7 15 A.M. 


Ml 

■ • • 

7*66 

449 

Little escape. 

75 

7 30 A.M. 

• 5 + 

• «« 

■ ■ ■ 

7-6 

499 

■ »• 

7 45 A.M. 

i ■ • 

• a 

• • • 

7-63 

446 

in •• 

73 

8 0 A.M. 

# t« 

• • « 

• 4* 

7*6 

445 


76 

8 15 A.M. 

ll« 


1 A • 

7*7 

481 


80 I 


8 30 a.m. 


Breakfast:—Tea, cold liam, and bread. 


8 45 A.M. 

54*5 

58*8 

■ A A 

10-0 j 

9 0 A.M. 

i • i 

AAA 

AAA 

11*0 ( 

9 15 A.M. ' 

l 



10 * 9 / J 

9 30 a m. 

r*■ 



1 

9 45 a.m. 

54*9 

58*5 

A A A 

9*9 J 

10 0 A.M. 

■ • f 

• A* 

AAA 

9*9 1 

10 15 A.M. 

• • • 

AAA 

AAA 

10*8 i 

10 30 A.M. 

• § ■ 

• ■ A 

#4 t 

10*4 1 

L0 AiMi 

f f A 

A A A 

A A A 

10*3 

11 0 A.M. 

III 

• ■ A 

4 A A 

10*5 

11 16 A»Mi 

* • • 

« AA 

A * 4 

10*7 

11 80 A.M. 

Ml 

• A A 

• *« 

10*3 

11 45 A.M. 

«>■ 

Alt 

AAA 

10*8 

19 3 A.M. 

Ml 

f A A 

A A A 

11*4 

IS 15 AaM. 1 

Ml 

A A* 

A A f 

10*7 

19 33 A.u. 

* « * 

AAA 

AAA 

10*9 

19 45 A.M. 

£6*8 

60*9 

AAA 

10*5 

1 0 P.M. 

Ml 

AAA 

A A • 

10*3 

1 15 P.M. 

• ■ A 

• 4 ■ 

AAA 

10*9 

1 30 p.m. 

Dinner:—Mutton, bicad, potat< 

1 47 P.M. 

■ f 

AAA 

A A A 

9*S 

9 0 p.m. 

58*0 

69*0 

30*3 

90 

9 15 p.m. 

■ 4 A 

AAA 

A A • 

8*9 

9 30 p.m. 

* * A 

AAA 

AAA 

8*8 

9 46 p.m. 

Ml 

AAA 

A ■ A 

9*0 

3 0 P.M. 

AAA 

A A* 

4 4 A 

9*8 

3 15 P.M* 

A A* 

At A 

• • A 

9*6 

3 80 p.m. 

M* 

AAA 

*« A 

9*0 

8 45 p.m. 

Ml 

IM 

■ • « 

8*3 

4 0 P.M. 

* «A 

tA« 

A* A 

9*9 

4 15 p.m. 

Ml 

AAA 

♦ * * 

8*7 

4 80 P.M. 

• tf 

III 

AAA 

9*9 

4 46 p.m. 

M« 

1»4 

• *f 

9*5 

5 0 p.m. 

4 At 

• A A. 

A ■ A 

9*5 

5 15 p.m. 

1 A* 

IM 

IM 

j 8*5 

5 30 pju. 

Tea:—Tea, bread, an 

d butter. 

5 45 p.m. 

AAA 

A** 

AAA 

10*5 I 

6 0 p.m. 

A f • 

AAA 

**• 

9*7 

6 15 p.m. 

AAA 

AAA 

A A A 

11*9 

6 80 P.w. 

Mi 

AAA 

AAA 

10*1 

6^ 45 p.m. 
7 0 F.fc. 

VLoaI 

J 

tinio vp 

ailing f 

or lamps. 

7 y *4* 

*4 A 

1 A A 

A A* 

*8-58 

7 45 w&. 

68*8 

68*0 

AAA 

8*9 

8 15p*Sr. 


* in 

AAA 

8*5 

8 45 Pjfe. 

1 ***, 

, •* 

AAA 

8*76 

9 15*4*. 

s MM 

* 

4 1** 


7*98 


(Walking bom 
breakfast. 


333 
859 
G05 
Gil 
589 
604 
55 6 


lExoitcd. 
iLittle excited. 


589 
581 
604 
568 
588 
606 
616 
574 
564 
580 
568 
639 
695 
576 t 

574 | 

780 

575 
675 
665 


571 

579 

578 

590 

535 


Walking from 
dinm r. 


[Walking from 
tea. 


Hate <if 
iespua- 
turn 


Little sinking 


89 
88 
92 

90 

IM 

78 

76 

88 

«*» 

76 

*« k 

• • n 
*•* 

76 

M* 

77 

72 

rl il). 

78 
80 

• « • 
78 

*M 

4 • * 

78 

IM 

90 

Ml 

IM 

III 

Ml 

73 


74 

80 

»•» 

80 


72 

hi 

70 

71 


Little (nuking* 


Little oppressed 


jh i mm. 

15 

*15 I 
15 i 
15 i 
■ • • 

15 


15*5 

16 

!<>— 
17 
16 1 
171 

17 I 
19*5 
19 

18 
IM 
4*1 
IM 

17*5 

37 

17 

17 

16*5 
16*5 | 

l l 
1 1 

4 4 A 

171 

17*5 

17 

444 

17 

M * 

16*5 

16*5 

444 

16*5 


18 

19 

18*5 


15 

14*5 

15 


I Whip. 


Kitting. 

It 

»» 

tt 

41 

*1 

11 


It 

It 

9) 

»» 

11 

)» 

It 

M 

It 

Standing. 

It 

** 

Kitting. 

It 

It 

ft 

M 

It 


It 

If 

tf 

1* 

M 

If 

Standing 

>» 

it 

ti 

*t 

Sitting. 

t» 

It 


11 

l» 

It 

It 

Sitting. 

f> 

I* 

II 

If 


# I talked oooaoio&afly daring the whole inquiry. Tha rdgxui -J* and — indicate that the rate of respiration 
iras a Kttie more or a little lefts the figurOa indicate 























































































Table IV. 

Experiment made at my house on myself alone. 
Continuous inquiry. Carbonic acid weighed, only at the hours stated. 
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DR. E. SMITH ON THE CHEMICAL 


A. Carbonic Acid cvolrnl. 


The carbonic acid duiing eighteen horn’s, or the period constituting the working day, 
was as foHows in oz. avoirdupois (28'332 gnns.), in the order of the inquiries us abo\e 
mentioned. 

Continuous luqmrios. 

A 

1 

\u«jfust 

o/. grins 

Myself. . . .21-0 (011-07 ) 124-4 (001-3 ) 121-328 ((589*28) \ 20-770 (708- (() 

Mr. Moul . . 

Dr. Murie . . 

Prof. Frankland 


March. 

!May. 

r Mill <*h 1 

o/. grmb. 

oi. grins 

o/. ftiniH 1 

21-0 (011-97 ) 

24-4 (091-3 ) 

21-328 (089-28) 

21-206 (000-78 ) 

19-33 (647-06) 


19-682 (664 797) 

l 1 ( • • • 

10-43 (406-49) 



The aveiage results were,—myself, 24*274 oz. (087*7 grins.) (0*77 gis. per minute), 
a quantity identical with the lesults of two out of tile four inquiries, mid Mr. Mot U 
20*207 oz. (574*11 gnns.); whilst the total average of the eight sets of inquiries was 
21*093 oz. (014*0 gnus,), or 8*78 gus per minute. This contains a total quantity of 
5*917 oz. (107*04 gnns.) of eaibon. 

The quantity ovolved duiing the remaining six hours of tin* day was drtei mined by 
two inquiries upon myself alone. 

On July 15, whilst scarcely awake, nt 1^, 2J, and 0] a.m., 1 exhaled 5*7, 5*1)4, and 
6*1 grs. per minute, on Hu* ua orage of one-quarter of an hour at each of those* hours, On 
July 10, during light sleep, at 1 and 3 a.m., the quantities were 4*88 gra, and 4-99 grs. per 
minute on the same avorago (Table VIII. July 10). As tin* latter quantities art* notably 
less than the former, and yet the difference in the state of the system was not groat, 11 hiuk 
it probable that in profound sleep the quantity would he still loss, and probably so low 
as 4Jgrs. per minute. The duration of profound shop is, however, slioil; foi in a series 
of hourly inquiries into Hie rate of pulsation and respiration, both in health aud disousc, 
published in the Transactions of the Royal Medical and Chirurgical Society for 185(1, I 
showed that the lowest rate of the respiration wa« from 1 to 3 A.M. ; and in applyiug the* 
above calculation of the influence of profound sloop I limit its occurrence to those two 
hours. In estimating the state of the respiration in the hour proofing, and also in 
the houiB succeeding, until the hour when my inquiries in the working day oommonml, 
1 take the average between the state in profound sleep and at those preceding and 
succeeding hours, Prom those data the result is obtainod of 1950 grs, of carbonic acid 
evolved during those six hours; and this, added to the total avorago of the working day, 
gives a total for the twenty-four hours in a state of rest of 20*193 oz. of earbouic acid, 
or 7*144 oz. of carbon. 

The same addition being made to tho results obtained from each poison, the quan¬ 
tities of carbon exhaled in twenty-four hours, in a state of rest, are as follows in ounces 
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Mr. Moiil. 

A2t. 48. 

5 feet 9| inches high. 
178 lbs. weight. 

6*736 oz. 


Myself, 
i ALt. 89. 

C foot high. 

190 11>b. weight, 
j Vital capacity 270 cub. in. 

7*86 OZ. 


Professor Prankloiul. Hr. Murio. 

Ait. 20. 

.lit. 83. 5 f 0( »t yi | uc i u * u high. 

5 foot 105 inches high. m ^ 

130 lbH. weight. Viiul captu-i fcj 250 cub.in. 

6*6 oz. 6*54 oz. 


In myself the proportion of carbonic acid evolved per hour during the night of six 
hours, is to the day as 1 to 1*8,—a proportion which differs somewhat from that which 
ScirARUNG found with nine hours’ rest. 

There yet remains for determination the influence of exertion. There are not. on 
record any experiments in reference to the influence of exactly defined degrees of 
exertion, except that of raising certain weights through a given space? in a ghen time; 
hut Regnault, Vierordt, and others have ascertained in a general way that exertion 
increases the respiratory changes. I shall again refer to this subject at a future page. 

Whilst walking at two miles per hour during three-quarters of an hour, and carrying 
the spirometer, weighing 7 lbs,, I expired 18*1 grs. of carbonic acid per minute, and 
26*83 grs. when walking at three miles per hour. These quantities represent 1*86 ami 
2*64 times that of quietude in the sitting posture. Hence if three hours were spent in 
walking at two miles per hour, and one hour at three miles per hour, as is probubly the 
case with the lion-laborious class (2J hours in the standing posture having been introduced 
into each of the two continuous inquiries above recorded when at vest), the addition to 
the daily quantity of carbonic acid evolved will lx* 2463 grs.; and it is probable that 
thrice that quantity would be applicable to the really laborious class. It is true that 
these are probabilities and not demonstrations; but if it be desirable to determine the 
daily amount of carbonic acid evolved by the community, it can only be effected by 
dividing them into classes, and determining the precise influence of certain agents during 
their period of action. 

These quantities give the following total average results in the twenty-four hours - 

In quietude . . . . 20*193 oz. of carbonic acid = 7*144 oz. of carbon 
Non-laborious class . . 81*824 oz. of carbonic acid = 8*08 oz. of carbon 
Laborious class ... 43 oz. of carbonic acid as 11*7 oz. of carbon, 

or a general average of 83*67 oz. of carbonic acul and 0*18 oz. of carbon, 

As some of the elements in this calculation apply to myself alone, viz. those in 
reference to sleep and exertion, it may be of interest to determine my average apart 
from that of those who were conjoined with mo in some parts of the inquiry. f l bun, 

In quietude .. . . ..28*8 oz. of carbonic add ss 7*86 oz. of carbon 

As a member of the non,-laborious class 38*43 oz. of carbonic add » 9*11 oz. of carbon 
As a member of the laborious class .. 46*7 oz, of carbonic acid as 12*19 oz. of carbon, 

or a total average of 86*97 oz. of carbonic add, and 9*72 oz. of carbon in the twenty-four 
hours, ' 

I do not know how to compare these ^edte with those given by previous observers, 
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since the degree of exertion and other circumstances air not recorded by the latter, 
and hence it is impossible to appreciate the state of the system to which they Her. 

It is noticeable how great is the diiTerence amongst men in the amount of enrhon 
which they expire—a fact which has been observed by all inquirers. Thus Professor 
Feanilam) and myself differed as 2 to 3, and yet we wove nearly of the same ago and 
height, but differed greatly in weight and robustness of constitution. Mi person also 
differs much at various periods—a circumstance noticed by Bauuaij. Mr. Mow, varied 
as 10 toll, andlat least as 13 to 12. Horn o it is safer to adopt eomparaliie rafher than 
absolute quantities in determining the quantity of carbonic acid exhaled per day b> any 
individual. Thus if the amount of caibonic acid exhaled in a state ol quietude in tilt* 
day-time be determined by observations made at various poi iods of the' day in relation 
to the meal hours, the amount exhaled during six horn’s of the night may 1m* determined 
by allowing the amount of 3J horns of the day; mid in reference to exercise, by allow¬ 
ing If hour rest for one hour of walking at two miles per hour, and 2 $ hours of rest 
for one horn 1 of walking at three miles per hour. 

B. Quantity of Air inspired. 

In tho four scrios of inquiries now recorded, the quantity of air inspired in cubic inches 
during the working day was per minute m follows:— 


Augtwl. 
cul). in. 

m 



March, 

May. 

ConliituouH 
_ , * 

March. 


cub. in. 

cub. in. 

cub. hi. 

Myself. 

575 

631-5 

582*1 

Mr, Moul , . . 

483*1 

431-7 


Dr.Muric . . . 
Professor Frabkland 

404*6 

864-4 



Tho average quantity inspired by myself was 507*7 cubic inches, and by Mr. Mori, 
457*4 cubic inches, whilst the average of all tho observations was 502 cubic indite per 
minute. 

In order to dolcrmine the proportion which tho quantity of air inspired hears to tho 
carbonic add collected (for as I havo not measured tho expired air f cannot take that 
asapoint of comparison), I insert tho following statement of tho amount of carbonic acid 
per minute which was actually collcotod, with tho quantities of air which have just 
been given. It is as follows:— 


March. 

May. 

Oontinuoua 

t - K 

March. 

Garb. add. Air. 

Garb. add. Air, 

Garb, add, Air. 

grs. cub. in. 

gw. cub. in. 

gw. oub. in. 

Myself. . 8-76 676 

10 681-6 

9*5 582*1 

MfctMoHl 8-6 488-1 

8-06 481-7 


Dr. Mttrie 7-98 464-6 



ProfeSKttv^Miltui4, 

6-66 864-4 



"X 


August. Average, 
Garb. acid. Air. Curb. acid, 
gro, cub. in. gw. 

10*0 583 0*70 
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Hence the average of the whole was 8*8 grs. per minute, and the proportion was, 
in myself, Mr. Moul, Dr, Mujujs mid Professor Pranklakd in order, 1 gr. of carbonic 
acid to 68 cubic inches, 54*8 cubic inches, 58*5 cubic inches, and 54*7 cubic inches of 
inspired air, w hils t on the whole it was 1 gr. to 50*3 cubic inches. This is a lower pro¬ 
portion than occurs in fasting (the normal state of the system), and much lower than 
with exertion, in which it increases as the exertion increases. Thus in walking at two 
miles per horn* it was 1 to 44*1 cubic inches, and at three miles per hour 1 to 39*7 cubic 

inches. 

In the above experiments the average temperature with the dry-bulb thermometer was 
58°-18, 68°-4, G0°-G, and 72 0 -2, yielding a total average of G3°-6. Tire, barometric pressure 
was on the average 29-72, 29-04, 30-1.7, and 29-03, or a total average of 29-0-3 inches. 

C. Mate of Respiration,' 

This was as follows on the average per minute in each of the three tint series of experi¬ 
ments. It was not recorded in the last one. . . 

Continuous inquiry. 

March. May. March. 

Myself.16*2 11*03 30 7 

Mr. Moul.14*45 12*6 

Dr. Murie . * . . . 15*4 

Professi >r Frank! and 11' 8 

The total average in myself was 14*54, and in Mr. Mom, 13*5; whilst that of the whole 
series was 13*87 per minute. 

X). Depth of fnqriration. 

The average depth of inspiration was in myself, 89*5 cubic indies ,* Mr. Moot, 33*8 
cubic inches; Dr.MuBjH, 80 cubic inches; and Professor Fbankland, 30*9 cubic inches ; 
giving a total average of 88*6 cubic inches. 


E. Hate of Pulsation. 

In the four series of inquiries the rate of pulsation was per minute— 

March. | May. I March, August. 

Myself .... 83*7 69*6 78*5 78*4 

Mr. Moul . . . 86*7 74 

Dr. Murie . . . 71*8 

Professor Frankland s 59*1 

giving total averages in each of 76*5, 79*8, 71*3, and 59*1, and on the whole 71*7 per 
minute. - 

The factor of the respirations required to render the numbers of respirations and 
pulsations equal, was in Mr. Moul, 6*72; myself, 6*25; Professor Fbankland, 5; and 
Dr. Murie, 4 r 63; yariafions which are’ very noticeable and .follow the , order of age. 
The total average was 6*15, * - ' ;.' , , _ ' ' 



DR. E. SMITH ON THE CHEMICAL 


m 

I have sought to discover a proportion between the pulsations and respirations 
together and separately on the one hand, and the quantity of air inspired, or the 
caibonic acid exhaled, on the other; but by no combinations have I been able to dis¬ 
cover it. Lavoister affirmed that the volume of oxygen consumed was “en raison 
diicctc du produit dcs inspirations par les pulsations.” I find that half of the product 
of the respirations and pulsations will very nearly represent the number of cubic inches 
of ah inspired by myself and Professor Frankland, and in the whole results combined, 

but it is excessive when applied to Dr. Mtjrie and Mr. Moul. 

The diff erence amongst men which has been already noticed in respect to the carbonic 
acid, is equally observable in all other subjects of inquiry. Thus Professor Frank!.and 
and myself differed in the quantity of ah inspiied as 3 to 5, and in pulsation as C to 7. 
Dr. Minim exhib ited the highest proportion of respirations to pulsations, and Mr. Mour* 
the least; the former being the youngest, and the latter the oldest subject of the inquiry. 

2. Without food. 

There have been numerous experiments of long duration made on animals whilst fast¬ 
ing, all of which have proved that in the absence of food the quantity of caibonic acid is 
reduced. No similar experiments are upon record in reference to Man; but Lvvoibtrr, 
Sr[ iarung, Yierordt, Valentin and others, have shown that when the intend between 
mods is prolonged tho same result is obtained. 

On July 0 I fastod from OJam., after a rather small breakfast (12J hours having 
elapsed since tho previous meal), until midday of July 7, and made an inquiry into the 
stale of tho respiration during fivo minutes at the commencement of each hour, from 
1 to 11 p.m. on the Oth, and from 7 to 12 a.m. on the 7ih. Aftor having fasted twenty- 
five hours, 1 wished to ascertain if starch would produce more respiratory changes when 
tho system was empty of food than under ordinary circumstances, and 1 took 500 grs. 
of arrowroot boiled with 10 oz. of water; and having found that the secretions were very 
alkaline, I took 0 drachms of table vinegar in water in an hour after having taken the 
starch. The details of this experiment are recorded in Table V, [See opposite page,] 

The totd quantity of carbonic? acid ovolved gave an average of exactly 7 gra. ]>cr 
minute. If to this quantity, computed for the eighteen hours of the working day, he 
added that previously assigned to tho six hours of tho uight, the total quantity of 
caibonic acid evolved in tho twenty-four hours will bo 21'78702, containing 5*928 oz. 
of carbon. The total average of tho twenty-four hours was thus 0*61 grs, per minute, 
and tho deficiency from the quantity evolved with food, from tho data already given, 
was 25 per cent,, or one-fourth of the larger quantity. The quantity of carbon thus 
evolved daily in the absence of food is very nearly equal to that contained in 20 oz. of 
bread, or 7£ oz. of fat. 

The quantity of air inspired during tho working day, was on the average 4 807*5 cubic 
Inches per minuto. Tho rato of respiration 10*80, and of pulsation 05*0 per minute. 
The digfifiution, when compared with the experiment with food in May, was in tho 

* * f 
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quantity of air 30 per cent., in the rate of rospivation about '7 per cent., and of pulsa¬ 
tion about 6 per cent. lienee the rate of the functions was far loss vaiiablc than tho 
amount of ■vital action. 

At 11 p.m., or 13J hours after the last meal, X had felt nothing unpleasant. Ihere was 
a feeling of great tameness, and the pulse was wavy or jerking and very soft. The 
respiiation was feeble. On going to bed I was very cold, and notwithstanding the addi¬ 
tion of blankets, it was some hours before my feet became warn. I slept veiy fairly, 
and in the morning, at 7 o’clock, the chief feature was still tameness or inaction. There 
was, however, headache, accompanied by pulsation, and it was increased on lying down. 
There was also a disagreeable taste in the mouth and sinking at the btomach and bowels. 
At 9 a.m., the usual hour for breakfast, theie was still greatly lessened nervous, mental, 
and muscular power, a sickly and fainting feeling at intervals, and throbbing in the 
head constantly; causing with the nausea a most unpleasant but not constant headache. 
The pulse was still remarkably soft, feeble, and wavy. There was no marked thirst or 
craving for food. At 10 a.m. tho mine was high coloured, alkaline, with a specific gravity 
of 1*018. The saliva was very alkaline. 

Tho starch and water filled the pulse temporarily, but rather increased than relieved 
tho depressed state of tho system. Tho acid gave almost instantaneous relief to the head¬ 
ache, but the benefit was only temporary, and it did not diminish materially the alkalinity 
of the saliva. At a little before tho experiment ended 1 was V 017 low and ill A cup 
of tea gave no rolief, but broad and butter was of some service. At 12 u 10 m 1 began to 
eat a good dinner, and took a glass of wino; and so soon as X hod fairly began to eat the 
symptoms abated,* and at tho end of the meal 1 was quito well and wont about my duties. 
It is important to remark that nothing but nutriment was of any avail. 1 had no 
longing for acids, or for anything in particular, excopt perhaps potatoes. 

Vapour whaled .—In this inquiry I also determined the quantity of vapour exhaled by 
the lungs; and although the subject has not been referred to in this paper, the uniform 
state of the system during fasting afforded so good an opportunity to determine it, that 
1 think it tight to insert it. 

On tho average of the whole inquiry, I exhaled 2*02 grs. of watery vapour per minute 
during the working day, making a total of 5 oz. avoirdupois in that period. On various 
other occasions with food I found that the quantity oxhalcd was from 8 grs. to 8*4 grs, 
per minute, and honce tho diminution during the fast was 87 per cent The quantity of 
vapour to each 100 cubic inches of expired air was *648 gr., and henco assuming that 
the expired air had a temperature of About 98°, it was but little moro than half saturated. 

n. Y AKLA TI QNS EBOM DAT TO DAT, AND JTtOM SEASON TO SEASON. 

a. During the “Working day. 

* X 1. Wtth ordinary food, 

in the quantity of carbonic acid exhaled at different parts of tho day have 
ifo occur by Snsunr, Pboxjt, Alien and Pjbfsb*, Vihbordj and other 
* Mhffltfiine, 1808, p. 242; Phibaophical TriauttMtiona, 1809, p. 408. 
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observers, and they have been ascribed to food, exertion, and sleep. Some of these 
observers, as Prout and Coathui’E, determined only the per-centage in the expired 
air; an inquiry of no value in determining the total amount of carbonic acid exhaled. 
Lavoisier states that the quantity differs every moment, and with every person, but each 
person has a law for himself. SoiiARLiNa states that the proportion of the night to tho 
day varied from as 1 to 1-226 to as 1 to 1*42, whilst Marohand regarded the difference 
as inconsiderable and due simply to quietude. In my experiments the variations during 
the day were extremely great, so much so that tho maximum and minimum quantities 
of carbo ni c acid usually differed to the extent of more than halt the latter. They wore 
as follows in grains per minute iu the four sets of inquiries i—* 


Min. Max. 
Myself 6*26 and 9-69 
8*68 and 11*68 


_p' 81 “d n 

****** \6-96 and 13-3 


Min. Max. 
Mi*. Moul 0*70 and 11*50 

0-70 and 9*86 


Miu. Max. 

Dr. Muric .... 0*14 and 9*26 
Professor Pmuklaiul 4*58 and 8*32 


the total being 6*74 and 10*43 grs. per minute. 

These variations were duo to food, and wore of such a nature that an increase began 
directly after a meal and progressed to a maximum, after which they declined gradually 
to a minimum until the following meal 

Generally the maximum quantity was observed in from one to two hours after a meal, 
and after each moal, but after the breakfast and tea meals it wan tho greatest, and both 
were nearly the same. The minima were observed before a meal, and hence there were 
five in each day, viz. before breakfast, dinner, tea, and supper, and some time after 
supper; and it is very noticeable that they were nearly tho same at each of those periods. 
Hence there is in a state of quietude in each day a minimum line below which the 
system does not pass, and also a maximum which it does not exceed, the difference) 
between the two being due to tbe temporary influence of food. In several of the 
inquiries, however, as for example in that of Professor Frakkiaio), in my first and 
in Mr. Moul’s second experiment, there was not in the afternoon tho ordinary amount 
of diminution in the quantity of carbonic add exhaled; and as this was exceptional, and 
we dined before our usual dinner hour, it was probably owing to food, having been 
supplied before the action upon the respiration of tho previous quantity had ceased 
(Plate XXXIII. fig, 1, March 12). There can be no doubt that, with a suitable interval 
between meals, there are striking alternate elevations and depressions in the line repre* 
seating tha quantity of carbonic add excreted. 

A reference to the above maximum and minimum quantities, and to the variations 
hour by h&w «&* dmwn in the Tables 1II. Ill, and IV,, with the want of imifbrmity 
m any of these safttitie* from that any attempt to determine the whole carbonio 
acid evolved in ft fifty fdm iaalefca#? be flxtile. They, 
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however, show that observations taken at the period of the clay when the quantity of 
carbonic add evolved is at the lowest point, viz. four to five hours after a meal, will bo 
nearly uniform, and that the excess due to food may be approximately arrived at by 
talring observations at 1£ to 2^ hours after the meal, and deducing the average from 
those quantities. 

2. Without food. 

The variations in the respiratory phenomena in the working day were so small, that at 
2, 4, 5, 6, 7, 9 and 10 o’clock p.m., on July 0, all the quantities were almost identical 
with those at 7 on the following morning. The maximum and minimum quantities of 
carbonic acid were 6-52 grs. and 7*44 grs.; of air inspired, 399 cubic inches and 311 
cubic inches; rate of respiration 12 and 10‘2, and rate of pulsation 71 and 58 per minute 
—quantities which contrast in a remarkable manner with those previously shown to 
occur with food. In Plate XXXIII. fig. 1, the variations with and without food are con¬ 
trasted. 

Hence there is great uniformity in the respiratory phenomena during a long fast; but 
it was noticeable that on the occasions when the carbonic acid would have increased with 
food, there was a slight decrease without food—a fact corresponding with that which I 
recorded in the Transactions of the Uoyol Medical and Chirurgical Society tor 1866, in 
the rate of the functions on five persons of different sexes and ages, A low and uniform 
state of system is therefore the characteristic condition in a prolonged fust; and it is 
very like that which occurs with food at the end of the interval hotwocn the meals. It 
has also been shown that in a fast of this duration the quantity of carbonic acid docs 
not progressively diminish , but is tho same at the end of twenty-seven hours as it was 
at the end of 4J- hours. 

There is therefore a state of tho system which is nearly uniform undor all the circum¬ 
stances of tho day, when the body is uninfluenced by exertion or the primary processes 
of digestion, and which may be called the basal or normal state. From this but little 
can be taken away; and the additions must bo due to exertion or tho temporary influ¬ 
ence of compound aliments. This I shall subsequently show to be a fact of much 
interest and importance, since it will be proved that certain substancos wliich, as food, 
must contain nutriment, do not increase the products of respiration over this basal lino; 
whilst others, including all compound aliments, do produce an increase. 

The great uniformity in the stato of the system during fasting renders that period 
particularly fitted for the determination of the numerical relations between the carbonic 
acid, air inspired, and rate of pulsation and respiration, and also as a basis with which 
to compare the influence of food and other agents. The law before mentioned in refer* 
ence to myself was well exemplified in this experiment; for tho cubic inches of air 
inspired are very noariy represented by the half of tho product of the pulsations and tho 
respirations. There was 1 gx. of carbonic acid to 62*6 cubic inches of air; which if 
ymi as a normal, the proportion with food is less and with exertion is greater, 
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This experiment also confirms Rhgnault's observation, that the composition of the 
expired air is uniform during fasting. 

In reference to the variations of the day in the quantity of vapour exhaled, the high¬ 
est amount (2*26 grs. per minute) was obtained in the two first hours of the inquiry, or 
those nearest to the last meal, and the lowest amount (1-74 gr.) was obtained after 8 i\M. 
On the following morning the quantity was increased to 2*2 grs. per minute, and it did 
not exceed that after I had taken the arrowroot and water. 

I do not find any observations on record with which I can compare these results. 

There yet remain for e xamin ation two other sources of variation in the lospnatory 
phenomena, viz. those occurring at Bhort intervals from day to day, and those extending 
over a lengthened period of months and associated with season. I shall now describe 
them. 

The experiments connected with both heads of the inquiry were made in the investi¬ 
gation of the influence of food, and under precisely the same external circumstances os 
to period of the day, food, exertion and excitement; for they were all made between 
7 and 8 A.M., before breakfast, in the sitting posture, aucl in the absence of all exertion 
and mental excitement. They were commenced on March 30, and were continued with 
regularity by Mr, Mot Uh and myself until the middle of June, aud them by myself alone 
until the present time. 


/3. Viimtionn from tiny to day. 

Nearly all observers have found that the absolute quantities recorded ou any day 
did not correspond with those of other days; but as the inquiries were not made 
under precisely the same oxternol circumstances, it was not possible, with certainty, 
to assign any cause to which the variation could bo attributed. It would not 
perhaps be unreasonable to presume that, with identity of external circumstances 
on successive days, the system would not vary in any appreciable degree; but a 
reference to Plate XXXIV. will shew that whilst in not a few instances dm quan¬ 
tities obtained were constant, in many others the variation from day to day in the 
amount of carbonic arid amounted to half a grain, and in a fow to even one grain 
per minuto; and that this was not due to any error in the inquiry, may bo inferred 
from tho fact that, when a food was under examination which did not vary the 
respiratory changes, the same numbers were obtained in several successive experi¬ 
ments within from ono to two hours. Hence wo must search within the system for 
the explanation, and we shall find reason to believe that tho nature of the night's 
rest,'and the amount of nutriment remaining in the system, cause variations in tho 
amount of carbonic arid expired in tho early morning, before food has been taken. 
On many occasba^Xmdted these conditions at the time that I made the experiment 
Thus I passed a restless night on April '% June 1,46,4$, SB and 2i; had short night's 
sleep on April 24 and 28; W&sj not weft 1& 16,;May 8, 18, June 14, and 
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September 14; and in almost evciy instance there was a fall in the 
quantity of carbonic add on the following morning (see Table). I 
passed a good night and was very well on April 20, 20, 30, May 19, 

20, 24, June 4, 21, July 1, September 19, and November 4, and 
with equal uniformity the carbonic add was increased (see Table). 

These maj be appicdated by referring to Plate XXXIV.; and it will 
also be observed that the changes were extremely well marked on 
May 18,19, 20, 31, and June 1. With a large supper of meat there 
ms an incieasc, but with a late supper with tea or coffee there was a 
decrease. With much food taken during the preceding day, there 
was on May 31 an incioase so large as to look liko on error, whilst on 
the succee ding day, on which there was an unusual amount of exer¬ 
tion and deficiency of food, the decrease was equally great. 

The uniformity in these results is too striking to admit of their being merely coinci¬ 
dences ; and whilst the general feeling of the system may not admit of very accurate and 
minute definition, I believe that the following statement may be relied npon, viz. that with 
much food on tho preceding day, with good and long night’s rest, and with a feeling of 
health and good spirits, tho quantity of carbonic acid evolved before breakfast is greater, 
whilst it is lessened by the contrary conditions. The hour of supper turd tho nature of 
tho food then taken will also vary lire quantity. Tho modo by which tea and coffee act 
will be explained in a subsequent paper. 1 have not recorded many observations in refer¬ 
ence to the effects of spirituous liquors j but whenovor T had taken them at a lato hour, 
it is recorded that tho carbonic add was lessoned, but it is also stated that I had passed 
a restle ss night. Tho conditions favourable to the production of a largo amount of car¬ 
bonic add in the morning are such as have tended to induce profound and continued 
sleep, whilst in tho adverse conditions thero has been on unusual nocturnal activity of 
the respiration. This is agreeable to fa priori reasoning» but I do not know that it has 
been hitherto demonstrated, and by it we may oxplain much of tho remarkable differ¬ 
ences in the returns from day to day, and many diversities in tho rolativo quantities 
evolved by myself and Mr. Moul. 

y. Variations conneotod with. Season. 

BiSgun* states that he excreted considerably more carbon in winter than in summer; 
and a similar observation was made by Votobdt; but their observations were not made 
with such regularity and with such identity of external conditions as to eliminate tho 
true effect of season. 

Mr. MiiOTBf, Surgeon to the Wakefield Prison, in a paper recently road bcloro tho 
British Association, found, in an experience of ten years, and from 40,000 weighings, 
that thq prisoners, on the average, gained in weight from March or April to September, 
during the other months of tho year. 

8 ler. voL xxv. p. 186. 


Gatboiuc and. 

Tuciciso 

Dcctuuc 

gi. 

P- 

-0*29 

-0*6 

+0*1 

— 1*5 

"I* 0*8 

-0*3 

+ 0*44 

+ 0*18 

+ 0*6 

-0*58 

+ 0*58 

+0*22 

+ 0-2 

-0*36 

-0*2 

+0*3 

+ 0-68 

-1*33 

+0*16 

+0*16 

- 0*26 


—1*12 


-0-G7 


-0*27 


t Sanitary Eeriew, 1868. 
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The general expression of the results obtained by me is, that the advancing hot 
season lessened all the vital and mechanical changes of respiration, viz. the quantity of 
carbonic acid expired and of air inspired, the rate and depth of respiration, the quantity 
of vapour exhaled, and the cooling of the body. These include lessened muscular and 
vesicular actions and chemical changes. With the return of the cold season the quan¬ 
tities increased. All the results ore delineated in Plato XXXIV., which shows the 
quantity of air inspired and of carbonic acid expired, with the rate of respiration and 
pulsation contrasted with the temperature during each month of tlie year. 

The results obtained from myself correspond ill all essential particulars with those 
obtained from Mr. Moul, except that the changes were induced in him more quickly 
and powerfully. Hence I infer that he was more susceptible to seasonal influences; 
and this was in conformity with a law which I evolved in former researches at the 
Hospital for Consumption, and published in the British and Foreign Medical and 
Ohirurgical Review, April I860, viz. that all who bear heat badly lm\o an excess of all 
the seasonal effects, for he suffers much from heat, whilst I bear it well. I was thus 
fortunate in having an example of the two classes of persons, I will first describe my 
returns, and then those of Mr. Moul. 


On the average of the second week in April I inspired 550 cubic inches of air per 
minute in sixteen inspirations, and expired 8*05 grs. of carbonic acid per minute; but 
on the average of a whole month, from the middle of July to the middle of’ August, 
the quantity of air was reduced to 38G*4 cubic inches, of carbonic add to 7*27 grs., tuid 
rate of respiration to 11 per minute. Hence there was a diminution of JO per emit, 
in the quantity of air, 32 per cent, in the rate of respiration, and 17 per cent, in the 
q uan tity of carbonic acid; so that the proportion of Bio carbonic acid to the inspired air 
was greater, although the total amount was lessened. Up to the end of May the quan¬ 
tity of carbonic add did not foil below 8 grs* per minute, and on many occasions it 
exceeded 9 grs.; but as June advanced the quantity progressively fell, so that it was 
often under 8 grs., but never above 8 grs. per minute; and after the 22nd of Juno, until 
the middle of August, the quantity was between 7 and 8 grs. Hence the beginning 
of June was the true period of commencement of seasonal decline in the respiratory 
changes. The period of the commencement of increase was October, and the increase 
continued in the succeeding months. 

The relation of the carbonio acid expired to the air inspired varied each month as 
follows, from April to October inclusive:— 


April. May. June. July. August, Sopt. Oct. ^ 

lgr.tctSScnib.isu 50*7oub.ia. 52oub.in. 51*5cub.in. 64*8 cub. in. 56*8cub.in. 51*4cub.in. 

s Jh the first week of April Mr. Moul inspired 477 cubic inches of air per minute, at a 
rate, of r4ipszf&on of >18*4 per minute, and with an evolution of 8*28 grs. of carbonic 
add per fourth week of that month he had tost more than 20 per 

emit of air, 28per nod U the rate of respiration. 

Thus the proportion b£ cafbohic ati® foftha&fr inspirml scarcely changed, Altar 

that period the quantities incsr8tit>fothel8th of May; but on the averag 
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there was a further decline in all tho respiratoiy phenomena, until the termination of 
his ex periments at the middle of June. Tho oxtreme loss from season on the weekly 
averages, np to the middle of June, was 27 per cent, of carbonic acid, 27 per cont. of 
air, and 28 per cent, in the rate,—a degree of onifoimity in tho phenomena exceedingly 

stiilring. 

In Mr. Motjl the greatest and most sudden changes occuired in the early spring.. I 
had but little change in the spring, but there was a gicat decline in summer, which 
continued until the autumn; and although Mr. Moui/s experiments ended before 
midsummer, the progression of his returns give us the right to infer that at ihc end of 
summer his quantities would also have been much reduced. JIcnce there is a (lose and 
significant relation between the activity of the vital changes in Man and plants ai those 
two periods, to which common experience has ever* attached great importauco, viz. 
the spring and fall with their variations proceeding in yearly cycles. 

Having thus briefly stated the changes which occurred, it is now needful to determine 
to what elements in “season” they are to be attributed. Of these, Temperature aud 
Atmospheric Pressure arc two of tho most important, and havo been investigated by other 
observers. I have complete rccoids of the former, and incomplete iccoids of the latter, 

a. T< 2 iYip&r<it , UT 6 . —The returns prove that the relation between tlio quantity of carbonic 
acid evolved and tho temperature of tho air is an inverse one, as Vieeokdt aud others 
had established; but they also show that there is no absolute relation between a given 
temperature and tho carbonic acid—a circumstance which has not boon hitherto demon¬ 
strated. 

Tho effect of tho first sudden elevation of temperature in April is strikingly corrobo¬ 
rative of tho former assertion. Thus from March 31 to April 14, the temperature 
gently and progressively fell from 6C°*5 to 47°*5, and then it suddenly rose 0 o, 5 in one 
day, and became so hi g h as G3 0, 6 in ten days, after which it rapidly fell. Until April 
14, with declining temperature, my returns show an increasing quantity of carbonic 
acid of more than 1 gr. per minute, ending in the largo quantity of 9^ grs. por minute. 
On the contrary, Mr. Moui/s returns show a progressive decrease of more than 1 gr. per 
minute. The Table and Plate XXXIII. figs. 2 & 8, show tho coordinated movement of 
the lines of temporaturo and carbonic acid during the period of tho sudden increase of 
the former. 

Thus in my returns the carbonic add suddenly decreased 1*8 gr, per minute, and 
almost as suddenly increased nearly 1 gr. per minute, tho former corresponding with 
the accession and the latter with the docline of temperature. Mr. Moul’s decroaso was 
greater, and had its maximum on the day of the maximum temperature, whilst the 
increase was extremely great and rapid immediately after the temperature began to fall. 
After this period, to the beginning of June, the curves of temporaturo and carbonic add 
in Mr, Moui/s returns are opposed with tolerable uniformity; and on the occurrence of 
elevation of temperature at that period, there was again a sudden and tem¬ 
porary diminution of carbonic add. 

Theroonte^t of the mnihty averages is of great interest. Thus*— 
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Tabus VI. 


Comparison of Monthly Averages of Respiratory and Meteorological Phenomena. 


1858 and 
1859. 

Myself. 

Mr. Moul. 

Temp. 

Dry. 

Barom. 

Carbonic 
add, 
per min. 

Air, 

per min. 

Pulse, 
per inin. 

Respira¬ 
tions, 
per min. 

Carbonic 
acid, 
per min. 

Air, 

per mill. 

Pulse, 
per mun 

Respira¬ 
tions, 
por min. 



inch. 

grs. 

cub-inch. 



grs. 

<mb. inch. 



April ... 

54*5 

28*84 

8*58 

498 

73*8 


7*18 

429 

80*3 

15*0 

May ... 

58*1 

29*51 

8*89 

451 

68*3 


6*63 

384 

82*1 

13*75 

June ... 

71*7 

29*61 

8*19 

426 

71*1 

11*64 

6*34 

367 

79*9 

12*6 

July ... 

65-1 

29*48 

7*62 

393 

69*8 

11* 





Aug. ... 

66-6 

29*49 

7*15 

392 

73*3 

10-9 





Sept ... 

61*2 

29*51 

7*13 

402 

66*6 

10*94 





Oct. ... 

52*8 

29*58 

7*67 

395 

69*8 

10*93 





Nov. ... 

43*8 

29*88 

7*86 

414 

6 g*l 

10*87 

*1 




Dec. ... 

45*2 

29*43 

8*27 

429 

67 

11*15 





Jan. ... 

43*1 

29*64 

8*35 

447 

68*8 

11*73 

Note, page 708. 


Feb. ... 

46*3 

29*58 

8*2 


69*2 

11*35 





Mar. ... 

48*9 

29*47 

8*25 

mSM 

70-9 

11*38 

J 





Moreover, the quantity of carboniG acid evolved in different decades of degrees ot 
temperature shows that tlio relation is an inverse one. Thus in the four decades from 
40° to 80°, the quantities evolved by Mr. Moun were in the ascending order—7*58 gm, 
7*237 grs., 0*45 grs., and 0*37 grs.,—a scries continually decreasing; but the rule is not 
so well exemplified in myself (for a reason to be presently explained), since the* quan¬ 
tities were 8*44 grs., 8*527 grs., 7*841 grs., and 8*21) gvs. in their order. 

The weekly averages show that in myself the rule was maintained in fourteen of 
twenty-four weeks, and in Mr. Moun in eight of eleven weeks. 

Hence it must be admitted that there is an inverse relation between seasonal tem¬ 
perature and the respiratory changes. 

But it is evident—and it is a fact of great interest—that there is no uniform relation 
between the degrees of temperature and the carbonic acid, such as would be necessary 
to determine the degree of dependence of the one upon the other. This will be proved 
in two ways: first* by showing the changes which occurred during the long period of 
months constituting each season; and secondly, the sudden increase of temperature in 
April. 

Mr. Mottl’s returns are more uniform than mine, and yet in those the progressive 
decrease of carbonic acid with increasing decades of temperature is so irregular, as 
*343 gr., *887 gr., and *08 gr. In mine there was an increase in the second and fourth 
decades, It is also shown in the foregoing Table, that the lowest state of the respira¬ 
tion did not occur with the highest temperature of the season, but after the lapse of 
two or . three months, and the loss of 6° or even 10°, yet with the temperature always 
exceeding 60°. Further, the following Table shows that the same temperature is 
attended,by the most diverse quantities of carbonic acidj as for example 59°, in which 
I have returns in five months, $he monthly.averages axe 8*11 grs., 9T8 grs,, 7*04 grs., 
7*3 grs., and 6*70 grs. in their .efcdfejt uadto take an illustration from Mr. Moul’s 
returns, at the temperature 6f 62°, the returns of two months axe 9*36 grs. and 0*8 grs.; 
ahd at 63°, 8*32 grs.' and 6*35 grs. These returns, with others, are found in the follow¬ 
ing Table, Which I think is worthy of close attention. 
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Thus it is proved indisputably that through long periods there is not a close corre¬ 
spondence, but, on the contrary, a wide difference in the relation between the degrees 
of temperature and the carbonic acid evolved; and that as the season advances towards 
autumn, with the same temperature or even with a certain decline of it, the carbonic acid 
progressively ’folia to a minimum. It is also evident that both before and after the period 
of change, viz. June, the respiration retains a certain amount of uniformity; and this at 
two different seasons will differ greatly, whilst it may be that the same temperature is 
found in both seasons. Thus my average quantities before July and aftor June respect¬ 
ively, in the four decades of temperature, differed as follows; 8*88 grs. and 8*21 grs., 8*09 
grs. and 7*43 grs., 8*45 grs. and 7*44 grs., 8*35 grs. and 7*12 grs.—differences of upwards 
of 1 gr. of carbonic acid per minute in the three higher decades. Hence there is a want 
of uniformity in the progression of the decades, as before montioned, due to the admix¬ 
ture of the results obtained in two seasons; whilst Mr. Moui/s returns are more uniform, 
since they comprehend scarcely more than the early season. Further, it is interesting to 
know that at each of the seasons the movements of temperature keep in advance of the 
movements in the carbonic acid quantities. 

It now only remains to show that, even with sudden changes of temperature, there is 
not an exact relation between the temperature and the carbonic acid. The Table and 
Plate XXXIII. fig. 3, show this, first, in the proportion of carbonic acid to each degree 
of temperature; and secondly, the amount of diminution of carbonic acid with each 
increasing degree of temperature. 

From the above wo loam that as the temperature increased the carbonic acid decreased 
in an increasing ratio , and consequently that the two did not move in parallel lines. 
This is particularly well marked in my own case, in reference to both modes of inquiry, 
and in avery striking manner when the temperature exceeded G0°* Mr, Moui/s returns 
in the first series correspond with mine, but in the second they manifest the influence of 
some other disturbing cause. 

Hence it appears that any attempts to find one uniform relation between the carbonic 
arid and temperature, such as that published by Vieeokdt and Leteluhr, are exposed 
to serious error, and particularly if the inquiries, made upon different persons and in 
different seasons, ore mixed together; and in reference to the influence of sudden 
changes of temperature, the variations in the carbonic arid in my experiments are 
greater than *094 gr. per minute for each degreo, as ascertained by Vierordt. It is 
also quite evident that the changes are due to vital conditions, and not simply to the 
physical action of heat upon the body and the inspired air. 

b. Barometric pressure .—The relations between barometric pressure and the car¬ 
bonic acid expired are much less obvious than those of temperature; and although my 
returns have a general correspondence with those of Vierordt, in showing that the 
relation is an inverse one, the rule is liable to many exceptions. Mr. Moui/s returns 
are more amenable to the law than mine, for they continuously declined from month to 
month, whilst the barometer -rose; l^ut, id njy month of May was exceptional. 

The lowest pressure was, however# in April, when the respiratory phenomena were very 

5 a 2 
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active; and both were nearly uniform in July, August, and September, when the respira¬ 
tory changes weie low. To show, however, that there is no invariable relation, ii may 
suffice to mention that with a pressure of 29*61 inches the carbonic acid was 8*19 grs. 

and 7*13 grs. in May and September respectively. 

Thus, after a minute inquiry into the influence of these two agencies, there can be no 
doubt that the influence of season is fax moie than can be explained by these meteoro¬ 
logical conditions, and that it is one which demands furthei accurate observation, and 
particularly in reference to the influence of light as it increases in intensity in the 
spring. It is, moreover, of the utmost importance to bear in mind that this influence 
is felt in overy action of the system; for as the quantity of carbonic acid vaiios with tin* 
season, so do the quantities evohed under the influence' of exertion and food. Hence, 
in stating the influence of any agent, it would be erroneous to give absolute' numbers, 
under the idea that they would be true at all periods of the year. I his is particularly 
applicable to the next subject of inquiry; for my experiments have shown that the 
same exertion, as for example walking at a given rate, produces effects upon the respira* 
tion considerably peater in winter them in simmer. 


[Note, April 1859.—Since the foregoing remarks were writton, 1 have completed the 
observations during tho cydo of the year ending March 31,1869; and the quantity of 
carbonic add ovolvod, with that of the air inspired and tho rate of respiration, have' been 
added to Plate XXXIV. 

At the end of October the quantity of carbonic acid evolved had materially increased; 
and thr oughout November and December and tho beginning of January the inn ease* 
was progressive, so that tho quantity had attained to upwards of 8^ grs. pci minute. 
Throughout the r emaining portion of January, as well as in Pebnuuy and Match, the 
quantity evolved was nearly stationary, and even more uniform than at any other period 
of the year; but at the end of March it again increased, and on Mai eh 31, 1869, was 
very nearly the same as was recorded on March 31,1858, vise. 8*25 grs. and 8*61 grs. 
per minute. 

Tho quantity of aii inspired per minute increased from an average of 395 cubic inches 
in October, to 414, 429, and 447 cubic inches in November, December, and January, in 
their order. 

The rate of respiration in like manner incroascd on the avorago from 10*93 per 
minute in October, to 10*87,11*16,11*73,11*36, and 11*88 in the months of Novem¬ 
ber, December, January, February, and Maxch, and did not reach to tho elevation 
recorded in 1858. 

Tho temperature after October remained, during the winter months, at averages 
varying from 43 0, 1 to 48°*9, and exhibited marked peiturbations at the end of Novem¬ 
ber and the beginning of January and Maxch. 

. monthly averages axe appended to Table VI. 

observed from day to day were frequently attributable to the causes 
7 Q2, and tended further to corroborate the deductions then made; and 
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in further co nfir mation, it is remarkable to notice how frequently the evolution of earbonii 
acid increased on the Monday, after the rest and retirement of the preceding day.] 


IH. INPLTOENOE OP WALKING* AND THE TREAD WHEEL. 

The only experiments which I have been able to make in reference to exertion are 
limited to the influence of walking and the trcadwlieel. 

X. fll/CLIlilJ . 

I employed two sets of the apparatus, and attached them to the mouthpiece liy a long 
tube, partly of glass and partly of vulcanized india-rubber, so long as to enable me to 
walk about 11 yards in each direction. Tho distance was accurately measured, and the 
speed regulated with the watch in hand in the most exact maunor. I also wnlkod at 
the same speed for some time before tho experiment began, so as to bring the body to 
the full influence of the increased action. The results are given in detail in Table VIII. 

Table VIII. 

Showing tho influence of Sleep and Exertion. 


Unit) of _ 

Carbonic Al „ PuIho, roapt- Temperature. 

Date. Hour, wort, P«r mtiun, 

nor min. V* nun ' min. jwr- 

mm. Wot. 


A.M. 

b m gw. cub. in. „ 

July 15 am, 1 HO 6*7 W 

2 Oft 6*94 . 

0 45 0-1 

July 16 a.m. 1 0 4*88 

3 0 4*99 




71 71 


. •••••• 


July 15 pjfc 3 30 18*1 709 90 14*6 72*5 75*5 

4 30 26*88 1028 . 16 1 1 


Pj£a 

Oot 8 p.M. 4 0 43*36 


Oct 9 


3 30 42*9 



IHikt utmkfi, but after lying down for Kttim hour*, 

" anti with every npproneh lo steep. 

In afa/*, but probably not profound. 

Tneftrp. 

Walking at 2 mite* per hour. ; 

Walking at 3 milt# per hour. 


‘ 'Iteadwheel; 43 atop*, aseouding 28*65 foot nor minute. 
I was on the wheel 4 of an hour, and ttetwuinwl 
the oorboulo add for 3 minutes after 5 minute*, and 
tho last 2 minute* of 16 minute*. 

' Trmduhctl, Determined the carbon in aoid during H mi* 
antes after Ominutm, andUniiuutoH after lOunnutM. 


Rcxt offer trmduthcel, 

I sot down directly, and after £ ft minute used tho 
spirometer. Another £ minute was tent alter 8$ 
minutes. 

Tho carbonic add was collected- 

During 3 minutes after 4 minuted. 

During 2 minutes after 10 minuted. 

During 2 minutea after 13 minutes. 

7 minutes. 


Dined on priiou fore at 2} f.v. j «oup and bttsid, 
Treddmbm, 40tp 44*teps per minute. Carbonic mild 
. taksn three times In me teat two of each 5 minutes. 
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On July 15, with a tcmporaturo of 76i°, wliilst walking at two miles per hour, T 
expired 18*1 grs. of carbonic add per minute, with a rate of respiration of 14J, and of 
pulsation 90 per minute, and with 799 cubic inches of inspired air por minute. 

At three miles per hour the carbonic add was increased to 26*83 grs., the air to 
] 027*5 cubic inches, and the rate of respiration to 16 per minute. I did not attempt 
a greater speed; for it required closer attention than I could give to the speed and the 
apparatus at the same time to maintain a uniform rate of more than threo miles por 
hour. 

Thus, taking as a basis of comparison the system at rest and without food, in the 
sitting posture, at the same hour, viz. 7*44 grs. of carbonic add per minute, the effect oi 
walking at two miles per hour was 2*5 times as great, and at threo milos per hour 8*5 
times. There is a curious progression in the i elation of carbonic add to the inspired air 
under these different conditions, as follows, taking 1 gr. of carbonic acid as the unit of 
comparison: viz. in rest, sitting, and fasting, 1:49*0 cubic inches; walking at two miles 
per hour, 1:44*1 cubic inches; at threo miles per hour, 1:39*7 cubic inches—a pro¬ 
gressive incroaso in the ratios of nearly one-niuth of the basis quantity. 

2. The Treadwheel 

The trcadwheol is a kind of exertion which consists in lifting the body a given height 
in a given time, from the slops of a wheel turning downwards, and holding it in a 
position in which its centre of gravity is anterior to its perpendicular central line. My 
experiments have been made in many county gaols, but in only that at Coldbatli Reids 
have I determined the quantity of carbonic add evolved during this kind of exeition. 
I am under obligation to the Governor and Visiting Justices for much courtesy and 
assistance. 

There are not any similar inquiries on record; but in reference to raising the body 
through a given space at given times, Lavoisieu has stated the quantity of oxygen which 
is consumed, and also that the incroasod rate of pulsation is directly as the weight mul¬ 
tiplied by the height, if the effort is an easy one. 

The influence of the troadwhool has been determined by three experiments, as 
recorded in Table VIII. On October 8, with a low normal state of the respiration, 
I expired 43*86 grs. of carbonic acid por minute whilst upon tho whool; and on 
October 9 the quantity was 42*9 grs. per minute. On each occasion the pulse was 
150 per minute, and the rate of respiration 22 and 21 per minute respectively. On 
October 22, in the afternoon, after having eaten the prisoners’ dinner of brown bread 
and soup, the quantity was 48*66 grs. por minute, with a pulsation of 150, and respi¬ 
ration 20 per minute. In all the inquiries I worked the wheel fifteen minutes at a 
time. In tho two former I collected the carbonic acid during three minutes, after 
having been upon the wheel five minutes, and again during tho last two of the fifteen 
mate; but in the last inquiry I collected it in the last two of each five of tho fifteen 
mtautaft* UChtw tho average in the first two is derived from five minutes, and in the last 
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from six minutes. I was unable to use the spirometer as well as the analytical appa¬ 
ratus whilst working the wheel, for I found the breathing too much oppressed by it, 
and more particularly, since I was compelled to use a double set of the analytical appa¬ 
ratus, on account of the rapidity of the current of the expired air which was forced 
through it. 

After the second inquiry, I determined the state of the respiration in the fifteen 
minu tes co ns tituting the interval of rest. After leaving the wheel T sat down (after 
the manner of the prisoners), and with a loss of half a minute used the spirometer, and 
noted the quantity of air inspired per minute. The carbonic tu;id was also collected 
during seven minu tes; viz. during tliree minutes after four minutes rest, two minutes 
after ten minutes’, and two minutes after thirteen minutes’ rest The average quan¬ 
tity of carbonic acid thus obtained was 9*14 grs. per minute; but that does not include 
the first four minutes of the period of rest, and the following statement shows that 
then the respiration was fast subsiding to the minimum quantity. From a considera¬ 
tion of the quantity of air inspired, I compute that the quantity of carbonic acid 
evolved during the first minute of rest was 25 grs., in the second 20 grs., and in the 
third 15 grs., and hence that the average of the whole fifteen minutes’ rest was 11*3 grs. 


per minute. 

The quantity of air inspired in cubic inches per minute, commencing half a minute 
after the labour had terminated, was oh follows, in each minute, in its order;—1120, 
930,720, G80,590, 600,540,590,530,560, 540, 000,560, and 520, yielding an a\emge 
of 641 cubic inches per minute. It is evident that whilst there ih, during the whole 
interval of rest, an increase in the respiratory changes over that of rest apart from this 
exertion, the great excess duo to the oxertion disappears after five minutes’ rest. 

The remark made already as to the influence of season over the effect of exertion must 
not be forgotten. 


In the foregoing paper it has been shown— 

1. That it is possible to collect the whole of the carbonic acid exhaled by the lungs 
in the twenty-four hours, or for any period, however long or short 

2. The quantity of carbonic acid expired in the twenty-four hours was, on the average 
of eight sets of inquiries in four adult males when in a state of rest, 2GT98 oz. (7‘144 
oz. carbon), of which 1960 grs. were expired in the six hours of the night. The pro¬ 
portion per minute in the night and the day i* 1 to 1*84. In light sloop 4*88 grs. per 
minute were exhaled, and 4*5 grs. is the estimated amount in profound sleep in July, 
The quantity of carbon exhaled in the twenty-four hours, by each of the subjects at rest, 
was 6*6 oz,,'6 t 54 oz«» 6*785 oz,, and 7*86 oz. 

3* The quantity of air inspired during the working day of eighteen hours, was, to the 
carbonic arid expired* an average of 56 r 3 cubic inches to each grain, 

. 4* The rate of respiration was' on the average 18*87, and of pulsation 71*7. The 
average depth of inspiration was 88^6fduMpinches, - '* * ** *"' 


\ 
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5 The factor of the respirations to equal the number of the pulsations vat it'd in the 
differ ent persons, increasing with their ago, from 4-63 to 5-72, and on iho average was 

516. , 

6 Half of the product of the respirations and pulsations very nearly equalled the 

number of cubic inches of air bicathed in several of the casos. No such numerical rela¬ 
tion could be found in inference to tho carbonic acid. 

7 The variations of tho carbonic acid in the same day, with food, wore so jpeat as 
an aveiagc of 10-43 grs. and 0*74 grs., and extiernes of 0*90 grs. and L3*3 grs.; but in a 
prolonged fast the extreme difference was less than 1 grain. 

8. In a prolonged fast of twenty-seven hours, the diminution per cent, fiom the quan¬ 
tities on a day with food, was 25 of caibonic acid, 30 of air, 37 of vapour, *7 of rate of 
respiration, and G of rate of pulsation. The loss of caibon in the twenty-four Iiouth is 
equal to that contained in 20 oz. of bread. Tho returns were so uniform, that the 
quantity of carbonic acid expired at the end of twenty-seven horns was the same os at 
4-J- hours after food. 

9. Theie iR a normal or basal lino below which the system docs not pass in health 
and wakefulness, and which is toloiably uniform. It is the same in tho complete absti¬ 
nence from food, as at the end of the interval between mauls. There is also, when at 
rest, a higher point, which the system does not exceed, due to food, and it is the highest 
after breakfast and tea. 

10. There is an incroase of carbonio acid in the absence of food, at or near to the 
period when it usually increased with food. 

11. There are variations from day to day, in the absence of food and oxeition, winch 
are dependent upon the amount of waste and supply of the preceding day and night. 
Ocrtrns paribus, the more food, vest, aud sleep, the greater will be the quantity of car¬ 
bonic acid evolved on the following morning. 

12. There are great variations from Reason to season, so that, as tho hot season 
advances, all the respiratory phenomena are lessoned. Tho diminution in myself at the 
middle of August was SO per cent, of air, 32 pov cent, in rate of respiration, and 17 per 
cent, of carbonic add. In Mr. Moul, to the middle of June tho diminution was 27 per 
cent of air and also of carbonic acid, and 28 por cent, iu tho rate of respiration. 

Spring is the season of tho greatest, and tho frill, of the least activity of the respiratory 
and other functions. 

18. Temperature and atmospherio pressuro only partially explain the effect of season; 
for with the same temperature, at different seasons, there is great diversity in the car¬ 
bonic acid expired, and particularly with a medium temperature; as, for example, 59°, 
with which the quantity of carbonic add was 9-18 grs. in the spring, and 0*70 grs. iu 
the summer and autumn. The rd&tion of temperature and pressure to the carbonic 
odd is &n inverse one, the former acting in an increasing ratio in casos of sudden 
r 1&#4*W¥id with so much power that 2*3 grs. of carbonio add per minute were lost iu 
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The period of permanent decline in the carbonic acid is May and June, in different 
persons, and at the period of minimum quantity there is the greatest uniformity. 
Temperature moves in advance of the carbonic acid, and xiorticularly as it declines. 

14. All respiratory phenomena vary with the season, and hence it is better to adopt 
comparative rather than absolute quantities—the comparison being with the state of 
rest, with or without food; but the latter is the most reliable. 

15. The effect of walking, compared, 1st, with the average state of rest with food, and 
2ndly, with the state of system at rest before the breakfast, and therefore whilst fasting, 
is as follows:—at two miles per hour, one hour is equal to 1 $ hour with food, and to 
2$ hours without food. At throe miles per hour, one hour to 2J hours and to hours. 
One horn of the labour of the treadwlieel, whilst actually working the wheel, is equal to 
4^ hours with food, and 6 hours of rest without food* The proportion of carbonic 
acid to the inspired air is much greater with exertion than at rest; and it increases as 
the speed, in a progression of one-ninth of the 'quantity at rest for two and three miles 
per hour without food. 

16. The proportion of the carbonic add to the inspired air is greater without than 
with food, and in summer than in winter. It is not absolutely uniform at any time, 

and it differs in different persons. 

Men differ in every subject which has been investigated. 

In conclusion, I beg to offer my wannest thunks to Mr. Moul, to Professors FraNK- 
land, Playfair, Sharpky, and Williamson, and other gentlemen who have aided in 
these and other inquiries. 


Explanation of tiis Plates. 

PLATE XXXIII. 

Pig. 1. Shows the quantity of carbonic acid evolved per minute, with and without food* 
in contrast, and also the effect of the supper on March 12, as contrasted with 
the absence of that meal on May 15* The observations delineated in the 
morning of the day of fasting in July Mowed, and did not precede those 
represented in the afternoon. 

Fig. 2. Represents the daily diminution in the quantity of carbonic add per minute, 
with sudden increase in temperature in April 1858. The diminution in the 
quantity of air inspired by Mr. Moul is also stated on each day. 

„ jpig. 8. Exhib its the same fact in two other aspects, viz. the quantity of carbonic acid 
in decimals of grains per minute to each degree of temperature, and also the 
diminution in the aspiration of carbonic, add in decimals of gftina per minute 
for each degree of temperature above that which occurred immediately before 
tixe increase 1 ofstem^da^a^^clt ■ “ 

hdcoclh. 
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PLATE XXXIV. 

Shows the quantity of carbonic add expired, and of air inspired, per minute, with the 
depth of inspiration, and the frequency of pulsation and respiration at the 
same hour, and under the same circumstances, on about 200 mornings in the 
year, in relation to the temperature, with the wet and dry bulb, and the 
season of the year. There were two subjects for experiment until the middle 
of June. The opposition of sudden changes of temperature, and the expira¬ 
tion of carbonic acid, is best seen from April 14 to 28. The progressive seasonal 
diminu tion in the expiration of carbonic acid commences at the beginning of 
June and ends in September, from which period the progressive increase 
occurs until January, and thenceforward the quantity is shown to be nearly 
uniform. 
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XXVII. Experiments on Respiration ,—Second Communication. On the Action of Foods 
upon the Respiration during the primary processes of digestion. By Ed wabd Smith, 
M.H., LL.B. (Bond.), M.R.C.P., Corresponding Membei' of the Academic des Sciences 
et Retires de Montpellier, and of the Natural History Society of Montreal, Assistant - 
Physician to the Hospital for Consumption, Brampton, &'g. Communicated by Sir IS, 
C. Beodib, Bart., P.R.S. 


Becoived January 6,—Head February 10,1850. 


Ik a paper whi ch I have recently had the honour to forward to the Eoyal Society, 1 
showed that there are alternate elevations and depressions of all the respiratory pheno¬ 
mena dur ing the day, due to the temporary influence of food, and that the maxi miun 
influence of food always occurs in from 1^ L to 2-| hours after the meal. I also proved, 
from the state of the system in a prolonged fast, as well as from tlic tolerably uniform 
state at the end of the interval between the meals, that there is on each day a basal ov 
normal lino below which the amount of respiratory action does not ordinarily fall; and 
I also showed that there is a maximum elevation from food which is tolerably uniform, 
and which is the most pronounced after the breakfast and tea meals, lienee it appeared 
that the influence of food is in two degrees:—1st, that which licsw between those two lines 
an d exceeds the normal or basal line j and 2nd, that which sustains the system up to 
the mimmnrn or basal line. The former action is temporary and of short duration, 
whilst'the latter is permanent 

Proceeding from these foots, I have prosecuted a lengthened inquiry into the influence 
of numerous articles of food over the respiration, when taken separately and not in the 
combined form in which we take them at meals, and have endeavoured to ascertain 
what is their maxim um effect. As nearly all food tends to sustain and increase the 
vital actions, and as in the total absence of food for a lengthened period the respiratory 
changes are sustained to the extent of 75 per cent, of that with food, my inquiries 
have been almost entirely directed to determine that influence, which acts so as to 
appear between the maximum and minimum lines just mentioned. Except within very 
narrow limits, I have not found any substance taken as food or with food which mate¬ 
rially lowers that minimum line; and, moreover, I do not know any method whereby 
it Would be .possible, in a state of health, to show the action of any substance which 
acts much below it. Hence my aim has been to show to what extent various substances 
raise the respiratory changes above or depress them below a basal line, and not merely 
to state what absolute omoitot of carbonic acid, for example, was evolved during their 
1 action. The former could be ite&aM the food under experiment; 

' 6 xk 
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hut since, us has been just mentioned, so great a pait of the latter would luuo oeeuired 
if the food had boen withheld, it is impossible to affirm that it was due to ita influence. 
This has affoidcd me an inquiry of a well-defined natuic, and one wliich my apparatus 
pcimitted me to make with ease; and it is one, moreover, so far as I know, not hereto- 

fine pursued. 

Nearly all previous inquiries have been made upon the lower animals, and have had 
for their object to determine the effect upon nutrition of the exclusive use or the entire 
absence of certain substances, and only a few experiments have been made upon Man. 
Prout* ascertained that the por-ccntage of carbonic acid in the expired air was some¬ 
what lessened under th e influence of both tea and alcoholic liquors ; and ViMtojttVP'j* 
found the same result from the latter without any appreciable difference in the other 
p7umo?nem of respiration. Boekkr$ has made the most rcmaikablc inquiries into (his 
subject; aud the method adopted by him was to lake a considerable quantity of the sub¬ 
stance, as sugar, for example, at sevcial periods of the day, in addition to his ordinary 
food, and afterwards ascertain the state of the excretions and the respiration at several 
irregular periods. When we recollect how great is the variation in the quantity of 
carbonic acid evolved at different periods of the same day, and how irregular is the 
quantity on diff erent days,—how powerful is the effect of exertion, an influence which 
cannot under ordinary circumstances be the same on any two days,-—the disturbing 
influence of unusually large or ofton repeated quantities of a substance, and lastly, (lie 
unknown influence of other artidofl of food, varying in quantity aud quality,—it is easy 
to see how difficult ii would be for M. Boejckr to eliminate the normal and true effect 
of tho article under inquiry, lie found that sugar, coffee, and alcohol lessened the 
respiratory changes, and that in thou principles of action they are identical; but lie 
then inquires how it is, if this be so, that they act as antidotes to each other ? It will 
be shown that my results do not accord with his. Mr. Milner §, Surgeon to the 
Government Prison at Wakefield, in a papor which he recently read before* tho British 
Association, states that he had proved by experiment that tea given to tho prisoners, 
whether in lieu o£ or in addition to their ordinary food, caused thorn to lose weight at 
an increasing rate,—a fact which supports my results on the action of that substance. 

My experiments have boon made chiefly upon myself, uet. 39, and upon Mr. Moul, act. 48 
(a gentleman whoso devotion to the inquiry in the interests of science is beyond all 
praise), but in a few instances upon others also. Tho plan pursued was as follows 

A quantity of the substance under inquiry, not greatly different from that ordinarily 
taken by mankind, was administered apart from any other food. The experiments were 
nearly all made from 7 to 9 A.M., before breakfast; but some were made at 2 P.M., after 
the influence of the breakfast had passed over. All were made in tho sitting posture, 
and in the absence of all exertion and mental and bodily excitement, llcncc we isolated 
influence of the substance, and mado one long series of experiments under precisely 
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Rimilflr and normal conditions. "Wo suit down at least a quarter of an lioin befoit- taking 
the first observation, or that which showed the state of the system before the substance 
under inquiry was taken, and which was the basal state with which the subsequent eficcts 
of the substance were compared, and upon the accuracy of which the truthfulness of the 
results mainl y depended. We then ate the substance in question, and in from 3 to 
10 minutes afterwards made our first inquiry into its effects; and repeated the inquiry 
every 12 or 16 minutes (as frequently as we could complete each experiment), until the 
rr.g-yirrmm effect had passed; the same conditions as to posture and quietude being mum* 
tained unbroken throughout the whole inquiry. Wc did not continue the experiment 
beyond our usual breakfast hour; for, in accordance with a statement made in my loimor 
paper, we found that an increase in the respiratory phenomena occurred at the meal 
hour before any food had been taken. Hence it was neither necessary nor desirable to 
continue the inquiry much beyond two hours, Piach of these experiments lasted fi\c* 
minutes, but in several of them the inquiry was continuous, and the whole of the 
carbonic acid evolved during the action of the substance was collected. 

In recording the results, we made use of the total quantities; but in abstracting them 
for the purposes of this communication, I have compared them with the basis quantity, 
and have given the amount of increase or decrease only. This was necessary, both on 
account of the observation made above, and because the total quantities varied with the 

season. 

The apparatus employed was that described in my previous 'paper*, consisting of an 
instrument to measure the quantity of inspired air, and an analytical apparatus to abstract 
the vapour and carbonic acid from the whole of the expired air, r tlio force of inspiration 
and expiration was in a few instances determined by a bent tube with a column of water 
attached to the mask; and the temperature of the expired air was determined by the aid 
of a small thermometer inserted at right angles into a box-wood tube, 1J inch in length, 
and protected by valves, as described in my paper published in the 'Proceedings’ of 
the Society for 1867. The temperature with the wet and dry bulb, and the barometric 
pressure, were recorded, as was also the state of the weather. 

The foods which have been the subjects of inquiry are vory numerous, and of the 
finest quality; and some of them, as tea, sugar, milk, and alcohols, wore subjected to 
very numerous and varied experiments. As the results have shown that it would be 
inconvenient to arrange them solely according to their chemical constitution, I purpose 
to describe them under the following heads;— 

1. The Starch Series , viz, arrowroot, arrowroot and butter, arrowroot and sugar, com¬ 

mercial starch, wheat starch, gluten, bread, oatmeal, rice, rice and butter, 
potato, gum. , 

2. Th$ Fat Series^ Viz. butter, olive oil, cod-liver oil. 

3. Sugars, viz; c*n6*«ugar, cane-sugar and butter, cane-sugar with acids and alkalies, 

grape-sugar,«ulk«ug^r. t . \ ' 


V* » t 
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4. The Milk Series , viz. now (cows’) milk, skimmed milk, casein, casein and lactic acid, 

lactic add, sugar of milk and lactic acid, cioam. 

6 Alcohols , viz. spirits of wine, biandy, whisky, gin, rum, sherry and port wine, stout, ale. 

6 The Tea Series , viz. tea, giecn and block, kot and cold, in diffci ent quantities, and 
with acids and alkalies; coffee, coffee leaves, chicory, cocoa. 

7. Certain other nitrogenous substances, viz. gelatin, albumen, filniuo, almond- 

emulsion*. 

The immediate object of inquiry was the effect of these vaiious substances over the 
carbonic acid and vapour exhaled, the quantity of aii inhaled, and the r<iio o( pulsation 
and respiration. The inquiiy as to the amount of vapour exhaled was cliioily puisued 
ill the expeiimcnts on alcohols. 

I shall describe the effect of these vaiious substauces in the order now given, and m 
order to avoid repetition shall lcscnc some general observations until the end of the 
paper. The whole of the detailed lcsults, foiming many sheets of tables accompanying 
this paper, aie delineated on Plates XXXV. and XXXVI. 

1. The Starch Series, 

The general expression of tlio results obtained, is that starch does not excite the ('volu¬ 
tion of carbonic acid, whilst llic ordinary foods, containing starch with other substauces, 
as sugar and gluten, arc powerful and enduring respiratmy excitants. 

Arowroot .—Juno 19 (7 experiments f). Tho purest starch which l could obtain was 
arrowroot. Tho offoct of 600 gis., well cooked with water, was an average inm'ase of 
only *164 gr. of carbonic acid per minute in myself, and *208 gr. in Mr. Motjl (Plato 
XXXV. fig. 3). On another occasion, September 0 (0 exps.), ft 16 * g* V( ' 1111 average 
dec lease of *08 gr. per minute. In the first inquiry there was an average decrease in the 
tar inspired of 8 cubic indies per minuto in myself, and an increase of 10 cubic inches 
in Mr. Moul, whilst in the last I had an increase of 6 cubic inches per minute*. The rate 
of respiration was reduced in all the inquiries, whilst that of pulsation was decreased in 
Mr. Moul 3 per minute in the first, and increased in myself 3 per minute in the last. 

When taken after a long fast, as described in my foimor paper, page 090, 600 grs, 
gave a maximum increase of *46 gr. of carbonic acid per minute. 

Starch, So ,—June 14 (10 exps.). Starch, imperfectly washod from 4 oz. of whoat flour, 
and therefore associated with other substances, gavo a ma xim u m incroaso of 2*1 grs. of 
carbonic acid per minute in myself, and 44 cubic inches of air inspired. There was a 
decrease in the rate of respiration, and a very slight increase in the rate of pulsation. 
When the starch had been much bettor washed, June 24 (7 exps.), Plato XXXV. 
fig. 6, the increase in the carbonic add was *62 gr., and 14 cubic inches of air inspired. 


* It will be borne in mind that in this aeries of inquiries tho amount of hydrogen consumed was not 
deftapntaed’ 

f |i|i|^fetBion means that 7 observations wore made upon each of us (or 14 on both of us) at regular 
iptafals the continuance o£ this experiment. 
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Bread .—April 13 (6 exps.), Plate XXXV. fig. 7. 4 oz. of white home-made bread gin i* 
maxima of increase in the carbonic add of 1*48 gr. and 2*4 grs. per minute to myself 
and Mr. Moul respectively, and on another occasion, April 23 (7 cxps.), of 1 gr. anil 
2*2 grs. respectively. The quantity of ah was increased on the two occasions 60 cubic 
inches and 20 cubic inches per minute in myself, and 96 cubic inches and 118 cubic, 
inches per minute in Mr. Moul. The rate of respiration was not increased in myself 
or in Mr. Moul, and in the latter the pulsation fell somewhat. The effect was >ery 


enduring. 

Oatmeal .—April 26 (7 exps.), Plato XXXV. fig. 10, July 9 (8 cxps.), fig. 11. 4 oz. 
of good Scotch oatmeal, made into pudding with water, gave me a maximum increase* 
of carbonic acid, on two occasions, of 1*63 gr. and *93 gr. per minute, and to Mr. Moul of 
1-32 gr. per minute. The volume of air inspired by myself was increased 55 cubic inches 
and 19 cubic inchoB, but Mr. Moul had a less increase. The respirations were lessened, 
and the pulsations were not increased. The effect was very enduring. 

Bice .—April 28 (8 exps.), May 13 (8 exps.), Plate XXXV. fig. 0. 4 oz. of the best 
rice, well cooked, gave me maxima of increase in the carbonic acid of 1*9 gr, and 
1*44 gr. per minute, and Mr. Moul of 1*15 gr. and 1*94 gr. per minute, I hod a maxi¬ 
mum increase in the volume of ah* of 54 cubic inches and 40 cubic inches per minute, 
and Mr. Moul of 44 cubic inches and 96 cubic inches per minute. There was gent*rally 


a diminution in the rate of respiration, and an incrouso in that of pulsation. 


The effect 


was very enduring. 

Potato .—May 17 (8 cxps.), Plate XXXV. fig. 12, July 21 (0 exps.), fig. lib H oz. 
of very good cooked potato, with 3 oz. of cold water, gave a maximum increase of car¬ 
bonic acid in myself of 1*27 gr,, on two occasions, and 52 cubic indies and 20 cubic 
inches in the air inspired. The rate of respiration was in both instances reduced, as 
was also that of pulsation, but in a less degree. The potatoes were old in the first and 
new in the second inquiry. 

Commercial Btaroh —June 18 (0 exps.)* 500 grs. of commercial starch gave me a 
mflvirmim increase in carbonic acid of *8 gr. per minute, and of air 22 cubic inches per 
minute, whilst the rate of both respiration and pulsation was slightly increased. 

Gluten .—June 11 (8 exps,), June 16 (8 exps.), Plate XXXV. fig, 8. The gluten washed 
out of 4 oz. of fine wheat flour gave me a maximum increase in carbonic acid of *84 and 
*74 gr. per minute, and in air of 8 cubic inches and 11 cubic inches per minute; The 
rate of respiration was decreased very slightly, whilst that of pulsation was increased on 
one occasion and decreased on another. 


Arrowroot md JButter.~- June 21 (6 exps.), Plate XXXV. fig. ,4. 1 oz. of fresh 
butter, added to 500 grs. of arrowroot, gave me an average increase in carbonic acid of 
*17 gr, per minute, and a maadmum increase of *4 gr. per minute. The quantity of air 
inspired was Somewhat lessened, as was also the rate of respiration* The pulsation was 
increased 4 per minute. . . 

Mae * «• of ***> g* ve * ^pelf 
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and Mr. Modl on average inerme of-84gr. and V26 gr. of carbo.no and. and a 
maximum increase of -04 gr. and VO gr. per minute respectively. TV quantity of nr 
was increased 14 cubic inches and 22 cubic inches. The into of respiration was reduced, 
and to the extent of 2-0 per minute, whilst that of pulsation was increased 0 and (i per 

minute. 

Airmroot and Sugar .—September 13 (7 exps.), Plate XXXV. fig. 5. 250 gis. of 
sugar, added to 600 grs. of arrowroot, gave a maximum increase of 1 gr. of carbonic iw id, 
and 20 cubic inches of air per minute in foity minutes. The rate 1 of respiration was 
progressively reduced, whilst that of pulsation was temporarily increased, 
lienee it appears— 

1. That pure starch exerts but an insignificant influence over the increase of carbonic 
acid and over pulsation, and that after a fast of twenty-four hours the influence is but 
very slightly increased. 

2. That wheat flour, oatmeal, and rice have a great and very similar influence over 
respiration, both in degroo and duration; but tho latter differs from the others in 
increasing the rate of pulsation. Iu each of them there remained an increase of I gr. 
of carbonic acid per minute after the lapse of two hours. 

3. That potato differs from tho foregoing less in tho amount of its maximum influence 
than in tho shorter duration of its influence, the subsidence from tin* maximum being 
very rapid. New and old potatoes had the same influence. 

4. Tho foregoing invariably reduced tho rate, and thereby increased the depth of 

lcspiration. 

5. The proportion of carbonic acid to tho inspired air was increased by these sub¬ 
stances to the greatest extent in rico, and the least in potato. Tlic maximum increase of 
air and carbonic acid almost invariably occurred together. 

6. The maximum influence was obtained in from 1J to 2 hours, and it was the sumo in 
wheat, oatmeal, and rice, and nearly tho same in potato. 

7. The addition of fat to starchy foods did not incroaao, but rather lessoned the 
influence of the latter. It however increased tho influence over pulsation. 

8. Gluten exerts a considerable influence, but much less than that of bread, oatmeal, 
and rice. Its effects were very uniform on two occasions. Its maximum influence was 
produced in forty minutes, and tho whole effect ended in about two hours. 

9. Arrowroot, alone, gave no sense of satisfaction (all our experiments wore made 
whilst fasting), but, on the contrary, there was in about one hour an unnatural sensation 
of sinking in the stomach end small intestines. 

With bread there was a sweet taste in 14 to 20 minutes; and with broad, rice, and 
potato sour eructations in 85 minutes. The inspirations were forcible. 


2. Fate. 

Pafj, starch, does not excite the respiration. 

25 (7 exps.), Plate XXXV. fig. 2. 500 grs. of butter gave me an 

* * 
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average increase of carbonic acid of only ’05 gr., and a maximum of *34 gr. per minute. 
There was a m axim um decrease of 83 cubic inches in the air inspired, and a progressive 
decrease in the rate of both respiration and pulsation. On another occasion, June 28 
(7 exps.), there was an average decrease of *11 gr. of carbonic acid per minute, with 
decrease in the rate of respiration and the quantity of oar inspired 

Olive Oil .—February 22 (8 exps.). 1 oz. of olive oil gave me an average increase of 
•11 gr. of carbonic acid, and a maximum of *65 gr. tier minute. The quantity of air 
was not ma terially varied, but there was a diminution in the rate of respiration. 

CodrUver Oil —March 8 (6 exps.), Plato XXW. fig. 1. 1 oz. of cod-liver oil guy 

me an average decrease of carbonic acid of *27 gr., and a maximum decrease of lb cubit 
inches of air per minute. The rate of respiration was decreased 1 per minute. On 
another occasion, June 24 (8 exps.), the average increase of carbonic acid was *03 gr. per 
minute, with a maximum decrease of 19 cubic inches in the inspired air. There was also 
a diminution in the rate of respiration, and an increase in that of pulsation. 

Hence— 

1. The general tendency of these fats was to lessen the above-mentioned respiratory 
changes, but the variation, whether above or below the basis, was not great, 

2. The rate of respiration was always lessoned, whilst that of pulsation was usually 
increased. The quantity of air was lessened disproportionately to the carbonic acid, 
and thereby the proportion of the latter was increased. 

3. Both cod-liver oil and buttor produced a soothing effect,, whilst with all the fats tin* 
respiratory efforts were feeble, and in about 20 to 30 minutes there was a slight sense 
of oppression at the heart. 

I am of the class of persons who are fond of fat, whilst Mr. Morn dislikes it. 


8 . Sugars. 

Sugar, unlike starch aud fat, powerfully excites the respiratory changes. I have made 
a very extensive series of inquiries into its influence. 

Cane-sugar .—April 14 (0 exps.), Plate XXXV. fig. 28 i May 1 (7 exps.), fig. 22. 'The 
maximum increase in the carbonic acid,' due to 1J oz. of white sugar dissolved in water, 
was 2*18 grs. per minute in myself on two occasions, and 1*5 gr. and 2*71 grs. per minute 
in Mr. Moul. There was an increase of about 1 gr. per minute within 10 minutes, and 
the rp*yyiTnnm increase was attained in about 25 minutes, after which there was a rapid 
subsidence. The whole effect did not usually pass away in loss than two hours. The 
increase in the air inspired was per minute 74 cubic inches and 111 cubic 
inches in myself, and SO cubic inches and 100 cubic inches in Mr. Moul. The rate of 
respiration was lessened, and the depth was increased 8 cubic inches and 0 4 0 cubic 
inches in myael$ 8 cubicinches and 12*2 cubic inches in Mr, Moul, The rate of pulsa¬ 
tion was lessened, v Jl 

August 25 (6 expi).-^The effect upou Mr. JtBin, Sur^ofi to Sra Canterbury Hospital, 
who m4de an experiment fb* increase of 1*9 gr. of car- 

mdcoolol • *5c ' ; 
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bonic add in 25 minutes, and after tlie expiration of 70 minutes the increase was still 

1*42 gr. per minute. The pulso was fuller and more frequent. 

May 10 (13 exps.), Plate XXXV. fig. 25.—i an oz. of sugar, taken at intervals of 
one hour, gave me a maximum increase of carbonic acid, on each occasion, of 1*3 gr., 
and of air of 2G cubic inches, 26 cubic inches, and 11 cubic inches per minute over the 
first bads quantity. The depth of inspiration was increased on each occasion, and the 
pulsation was somewhat decreased. On the second occasion tlie sugar was eaten dry, 
and as an uneas y sensation followed, water was drunk in one hour afterwards, und was 
followed by a renewed increase in the carbonic acid evolved. 

On another occasion, May 18 (9 exps.), fig. 24, \ on oz. of sugar, with 3 oz. of water, 
taken twice, with an intcivai of 1 bom, gave me a maximum incicase in cm bonic and 
of 2*18 grs. per minute in 23 minutes in the first, and *62 gr. per minute in 23 J minutes 
in the second experiment, whilst in Mr. Moul the increase was *80 gr. and 2*14 grs. per 
minute in the same period. The maximum increase in the quantity of air inspired at 
the same period was 61 cubic indies and 29 cubic inches per minute in myself, and 
68 cubic inches and 52 cubic inches per minute in Mr. Moul. r rho depth of inspiration 

was considerably increased in both persons. 

May 21 (19 exps.).—600 grs. of white sugar, dissolved hi 0 oz. of cold water, were 
taken, and the whole of the caibonic acid ovolved afterwords was collected and weighed 
every half hour. In the first half hour the increase was l *57 gr. per minute, and in the 
second half hour *58 gr. per minute; whilst the quantity evolved at 95 minutes, when 
the inquiry ended, was *12 gr. per minute above the basis quantity. The increase in 
the caibonic acid, in the fiist horn*, was thus 67*5 grs. The quantity of air inspired was 
registered every 5 minutes. Tho maximum increase was G4 cubic inches in 35 minutes 
and the quantity was reduced to tho basis in 85 minutes. The average inn ease was 
19*8 cubic inches per minute in the first half hour, 30*0 cubic indies pet minute in the 
second half hour, and 8*8 cubic inches per minute in the third half hour. The rato of 
respiration was scarcely changed, and hence the depth of inspiration varied as tho 
quantity of air inspired. 

Cane-sugar and Vinegar ,—Juno 29 (7 exps.), Plate XXXV. fig. 20. 750 gin. of 
white sugar, with G drachms of good vinegar and 7 oz. of water, gave a maximum increase 
per minute of carbonic add of 3*8 grs. in 20 minutes. Tho average increase in 1J hour 
was 1*24 gr. per minuto; the maximum increase in the air inspired was 79 cubic inches 
in 20 minutes, and in the depth of inspiration 4*1 oubio inches. Tho rate of respiration 
was increased slightly, and that of pulsation 5 per minuto. 

October 4 (6 exps.).—Tho repetition of this experiment in October (but with raw 
sugar) gave a less increase, and at a later period. 

June 24 (7 exps.).—"With 30 giu of citric acid instead of the vinegar, the maximum 
increase in carbonic add in myself was 1*74 gr., and in Mr. Moul 2*25 grs. por minute. 
Tty’to^ise of ajr inspired was 47 cubic inches and 20 cubic inches per minute. 

Plate XXXV. fig. 27.—750 grs. of white sugar, with 40 % of 
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Liquor Potass© in 12 oz. of water, gave me a maximum increase in carbonic acid ot 
2*13 grs. per minute, and after 100 minutes the increase was more than 1 gr. per 
minute. The maximum increase in the air inspired was 165 cubic inches poi minute,^ 
in a little less than one hour. The rate of respiration was scarcely altered, but that of 
pulsation was lessened 7 per minute in 1J* hour. 

Cane-sugar and Butter .—July 1 (8 exps.), Plate XXXV. fig. 28. 750 grs. of white 
sugar, with 600 grs. of butter, aud without water, gave a maximum increase of only 
1-3 gr. of carbonic acid per minute, of air 48 cubic inches per minute, aud in depth ot 
inspiration 3*8 cubic inches. The pulsation was slightly increased. 

Grape-sugar .—July 2 (7 exps.), Plate XXXV. fig. 21). 500 grs. of grape-sugar, dis¬ 
solved in 10 oz. of hot water, gave a maximum increase in carbonic acid of 1*04 gr. per 
minute in 55 minutes; whilst on another occasion, July 8 (7 exps.), 750grs. gave an 
in cre as e of 1*1 gr. per minute in 50 minutes. The maximum increase in the quantity 
of air inspired per minute was 8 cubic inches and 23 cubic inches. The rate ot respira¬ 
tion was lessened, as was also that of pulsation, in the first experiment. 

Milk-mgar. —Junc 12 (7 exps.), Plate XXXV. fig. 20. 250 grs. of sugar of milk, 
with 6 oz. of hot water, produced a maximum increase in carbonic acid per minute of 
1*62 gr. in myself, and *66 gr. in Mr. Moul. The volume of air inspired was increased 
24 cubic inches and 29 cubic inches per minute. The rate of pulsation foil, in Mr. 
Moul, 5 per minute, and that of respiration 1*5 por minute, whilst in myself the 
subsidence was to a less extent 


Hence it is proved— 

1, That sugar in every form is a powerful respiratory excitant. 

2. The action is almost immediate, and it rapidly rushes up to a maximum, but the 
whole effect does not disappear in Iobs than from 1J to 2 hours. 

8, ‘When taken dry. the effect is lessened, and the' subsequent addition of water 
increases its action. 

4. In some conditions the addition of on add increased the degree, but lessened the 
duration, of its influence, whilst that of an alkali had the contrary effect The variation 
in these results is in accordance with the variation which I have found in the action of 
adds and alkalies alone. The contrast in the experiments on June 29 and July 5 is 
very striking. 

5. The addition of fat lessened its action, 

6. Milk-sugar has less influence than cane-sugar, and grape-sugar has less influence 
than dther. 

7. The rate of respiration was always lessened, except when add was added to the 
sugar, whilst that of pulsation was sometimes increased, and particularly with add and 
fat; but when on alkali was added, it was decreased considerably. 

The depth of inspiration was always largely increased. 

• a. There was a sense of great ease and depth, in both insporarion and expiration. In 
6 minutes toe was son^toW there, was commonly at first 

’ 6o2 *' • 
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a comfortable feeling, in 1* hour thcro was usually craving for food,—a circumstance very 
different horn that which occurs with ordinary foods. 

The urine in one instance (May 10) had a celery odour. 

9. With both sugar and starch, but especially with the former, there was a very 

unusual condensation of vapour in the mask. 

10. The proportion of carbonic add to the air inspired wafl always increased, hut it 

was the most so with the sugar and potass, when the proportion of 1 gr. oi carbonic 
add to 52 cubic inches of air was increased to as 1:44 cubic inches at the period ol 
TYiPLYirrmm increase of the air and the carbonic acid. 

I like sugar moderately, but Mr. Moul dislikes it, 

4. The Milk times. • 

Millr 3 a highly complex body, both as a whole, and in nearly all its elements, excites 
the respiratory function. 

Nm Milk .—April 3 (5 expa.), Plate XXXV. fig. 14, April 8 (5 exps.). One pint of 
cold good new cows’ milk gave mo a maximum increase oi 2*2(> grs. of carbonic acid per 
minuto on one occasion, and 1*9 gr. per minute on another. With the latter, the maxi¬ 
mum increase in Mr. Moul was '94 gr. per minute. The maximum increase in the 
inspired air was 96 cubic inches per minute hi myself, and 22 cubic inches per minute* 
in Mr. Moul. The rate of both respiration and pulsation was increased in myself, but 
not in Mr. Moul. 

Skimmed Milk —June 9 (5 exps.), Plato XXXV, fig. 16. Quo pint of good shimmed 
millr gave me a maximum incroaso of carbonic add per minuto of *84 gr., and Mr. Mon. 
of *54 gr. per minute. The volume of air was increased 21 cubic inches per minute* iu 
myself, but there was a decrease in Mir. Moul. The rate of respiration was decreased 
1 per minu te in both, and that of pulsation 8 per minute* in Mr. Moul. 

Casein .—June 10 (7 exps.), Plate XXXV. fig. 17, .Tune 11 (7 exps.). The casein of 
1 pint of good skimmed milk, well washed with wator, gave me, on two occasions, u 
maximum increase in carbonic add of 1'34 gr. and *92 gr. per minute; but Mr, Moul 
had a deorcase, and the maxima of docrcaso were *38 gr. and *0 gr, per minuto. My 
mflYirmim increase in the volume of air iuspiroel was 28 cubic inches iu the first, but 
there was no increaso in the Becond experiment, whilst in Mr. Moul tho maximum 
decrease was 26 cubic inches and 28 cubic inches per minute. My rate of respiration 
and pulsation was nearly unchanged, hut Mr. Moul had a decrease in both. 

Lactic Acid.—Jxw.e 7 (7 expa), Plate XXXV. fig. 39. 40 irt of lactic add in 8 os. of 
water, gave me a maximum increase in carbonic add of *42 gr., and Mr, Moul a maxi¬ 
mum decrease of *8 gr. per minute. There was a slight dccroaso in tho quantity of air 
inspired, and a decrease in the rates of both respiration and pulsation, but tho diminu¬ 
tion in that of respiration was greatest in myself, and that of pulsation iu Mr, Moul, 

Imtic AM, —June 14 (8 exps.), Plato XXXV. fig. 18, The casein of 
A gift pial^paed milk and 40 of lactic add with water, gavo mo a maximum 
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in cr eas e of *91 gr. of carbonic Eicicl snd 19 cubic inches oi air per minute. llio into ol 
respiration slightly increased at first and decreased afterwards, and that of pulsation 
slightly increased. 

Milk-mgar .—June 12 (7 exps.), Plate XXXV. fig. 20. I have already stated the 
effect of sugar of milk. 

Milk-sugar and Lactic Acid .—June 16 (8 exps.), Plate XXXV. fig. 21. 260 grs. oi 
sugar of milk and 40 m of lactic acid, with 8 oz. of hot water, gave me a maximum in¬ 
crease in carbonic acid of 1'18 gr., and in air of 22 cubic inches per minute. Llic rate 
of respiration fell slightly, whilst that of pulsation was scarcely changed. 

Oream .—June 22 (6 exps.), Plate XXXV. fig. 10. 2 oz. of good fresh cream produced 
in myself an average increase of *24 gr., and a maximum increase of *48 gr. of carbonic 
acid per minute; whilst in Mr. Moul there was a maximum decrease of *68 gr. per minute. 

June 23 (8 exps.).—2J oz. gave me on average increase of *29 gr., and a maximum of 
■64 gr. of carbonic acid per minute. The volumo of air was increased in myself 38 
cubic inches and 19 cubic inches per minute, but in Mr. Moul it was lessened 42 cubic 
inches per minute. My rate of respiration was slightly increased in the first experiment, 
and Mr. Moul’s fell 1 per minute. My rate of pulsation was somewhat increased. 

The effect of rum and milk will be described in the alcohol series. 

These experiments show— 

1. How different the effects of milk arc upon different persons, and that there is a 
relation between this variation and the enjoyment of the food. I am fond of milk, but 
Mr. Moul states that neither ho nor any of his family can toko eheeRe or milk. Ah tin; 
difference in reference to the influence of milk and its components is very striking, 1 
have tabulated the results for their more ready appreciation. 

Thus the increase or decrease of carbonic acid in grains per minuto was— 


Nisw nafllc. Skimmod Alik. 1 Casein. I Sugar of njfflc. Cmam. 


gr* 

+ 0*84 


Myaelf . + } +°‘ 8 * 

Mr.Moul ......... +{0*94} 



gr. 

+i*es 
+ 0*06 



Lactic add. 


+0*48 
—G k 8 


2. That there is no element in the milk (except the add in some conditions) which 
is not excito-respiratory. 

5. That no artificial combination of the component parts of milk produces the effect 
upon the respiration which follows the use of the natural combination. 

4. That new wHk has greater influence over the respiration than skimmed milk, and 
that .the cream has greater influence than was found to exist in butter* 

6. ’ The rate of respiration and pulsation was increased by. new milk and by cream in 

myself* whilst it was lessened by skimmed milk and lactic add, and was unchanged by 
c^aein. * ; * - 1 '. - ; ’ • 

' ft The proportion of slightly increased, 
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6. Alcohols. 

Alcohol, and substances containing much alcohol, disturb the respiration rather than 
influence it unifoimly in any direction. Certain membors of the class increase, whilst 
others decrease the activity of that function, probably according to the elements other 
than alcohol of which they arc composed. 

Alcohol —March 9 (8 exps.). 11 drachms of Spt. Vini (70 per coni, of pure alcohol) 
in 0 oz. of cold water, caused in myself an average increase of *18 gr. of cm home acid, 
and a maximum of *40 gr. per minute; and on another occasion, May f> (7 exps., Piute 
XXXVI. fig. 44), an average increase of *8 gr. and a maximum of 1*04 gr. per minute. 
Mr. Moul on the latter occasion had no average change, hut a maximum decrease of 
*72 gr., and an increase of *4 gr. per minute. The quantity of air was inereastxl 1 / cubic 
inches and 63 cubic inches por minute in myself, and 20 cubic inches per minute in 
Mr. Moul. The rate of respiration declined throughout in the first, but in the 
second experiment there was an increase in both of us, and a subsequent decrease in 

myself 

Dec. 21 (6 exps.), fig. 45.—I took £ an oz. of alcohol, spec. grav. *858 (70 por cent.), 
with 2 oz. of cold water, every quarter of an hour for three times after which (as also in 
the experiment on March 9) I was ncaily unconscious. The carbonic acid wan increased 
•74 gr. por minute, and the air 37 cubic inches por minute. The rate of respiration 
was scarcely changed, but that of pulsation rose. In 70 minutes from the first dose the 
quantities fell to tho basis. Tho vapour exhaled from the lungs increased from 3‘12 
grs. to 3*76 grs. per minute. 

Whisky .—April 0 (0 exps.), Plato XXXVX fig. 46. 1 } oz. of whisky, spec. grov. *936 
(42 per cent.), in 6 oz. of cold water, caused an average decrease of carbonic and in 
myself of *33 gr., and a maximum of *7 gr. per minute. The into of respiration was 
unchanged, but that of pulsation fell 7 por minute. 

* April 29 (6 exps.).—2 oz. of tho finest whisky, spec. gray. -875 ((59 por coni.), bottled 
more than twenty years, with water, taken after on experiment on tho influence of the 
vapour of wine, gave an averago increase of *29 gr. of carbonic add in myself, and *22 
gr. in Mr. Moul; with maxima of dccrcaso of *73 gr., and of increase of 1*53 gr* in 
myself, and a maximum inexoaso of *78 gr. in Mr. Moul. My quantity of air was at 
first increased and then lessoned, whilst it varied in Mr. Moul. The rate of rospiration 
fell, and that of pulsation rose in both. Since tho basis quantity in this experiment was 
due to the inhalation of wine, it is possible that the comparative results thus given may 
not be quite normal. 

May 4 (6 exps.), fig. 47.-2 oz. of the whisky which was used in tho first experiment, 
spec. gray. *928 (46*6 per cent), caused an average decrease in carbonic odd of *57 gr., 
maximum of 1 gr. per minute, whilst in Mr. Moul tho averago iucrcoso was *29 

* maximum *66 gr. per minute. Tho rate of rospiration declined considerably 

with one exception, in Mr. Moul also. The rato of pulsation foil in 
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Mr . Moul 8 per minute. The quantity of air was reduced in mysolf 52 cubic inches per 


minute. 

Brandy .-—April 20 (6 expe.). oz. of excellent brandy, with water, caused in me 
an average decrease of ‘2 gr. of carbonic acid, and a maximum of *88 gr. per minute. 

April 24 (6 exps., Plate XXXVI. fig. 52).—2 oz. gave mo an average decrease of *88 gr., 
and a maxim um of -71 gr. per minute, and to Mr. Moul *02 gr. and *G2 gr. respectively; 
but in him there was, on two occasions, an increase of ’4 gr. per minute. The quan¬ 
tity of air fell 42 cubic inches and 37 cubic inches per minute in myself, and 34 cubic 
inches per minute in Mr. Moul. My rate of respiration and pulsation fell on both 
occasions, whilst in Mr. Moul the former varied and the latter fell a little. 

Gin, _April 27 (6 exps.), Plate XXXVI. fig. 48. 2 oz. of fine old British gin, with 

6 oz. of cold water, gave me a maximum decrease of 1*52 gr. of carbonic acid in half an 
hour, and an average decrease of *05 gr. per minute in 86 minutes. In Mr. Moul the 
average decrease was *2 gr., and the maximu m *4 gr. per minute. I he volume of an 
was reduced 66 cubic inches in myself, but it was unchanged in Mr. Moul. The rate 


of respiration foil in myself, but it varied much in Mr. Moul; whilst that of pulsation 
fell 6 per minute in myself, and was unchanged in Mr. Moul. 

Dec. 21 (4 exps.).—The same quantity of newer and probably inferior gin, taken in 
the afternoon, gave me a maximum decrease of *46 gr. of carbonic acid and 43 cubic 
inches of air per minute, the diminution ending in three-quarters of an hour. The rate* 


of respiration slightly fell, whilst that of pulsation rose 5 per minute, fliero was u 
decrease in the amount of vapour exhaled from the lungH, from 8*12 giu to 2*7 gnu per 


minute (*699 gr. and *067 gr. to 100 cubic inches). 

ifom—April 8 (0 exps.). 1J oz. of Navy rum, spec. gmv. *000 (58 per cent,), with 
water, taken in the afternoon, gavo mo a maximum increase in carbonic acid of *78 gr., 
and an average increase of *26 gr. per minuto, whilst Mr. Moul had a maximum increase 
of *7 gr. pei* minute. The volume of air was increased 18 cubic indies aud decreased 
49 cubic inches in myself, and in Mr. Moul it was decreased 80 cubic inches per minute. 
The rate of respiration fell, and chiefly in Mr, Moul j whilst that of pulsation rose in 
myself and fell in Mr. Moul, On another occasion, April 10 (7 exps., Plate XXXVI. 
fig. 49), in the morning, the increase of carbonic acid was much greater, viz. a maxi¬ 
mum of 1*24 gr. in myself, and 2*14 grs. per minute in Mt. Moul. The quantity of air 
inspired varied in mysolf, but in Mr. Moul it was increased 82 cubic inches per minute. 
My rate of respiration fell, and that of Mr. Moul fell greatly, and his rate of pulsation 
fell also. The depth of inspiration was increased in both of us, 

. April 80 (7 exps,).—>2 oz. of very fine old rum, spec. gmv. *876 (69 per coni),. taken 
in the morning, gave to me a maximum increase in carbonic acid of only *1 gr., but to 
Mr. Moul ,o£ 1*5 gr, per minute.There was a maximum increase in the quantity of air 
of 11 cubic inches &^yse&, and 40 cubic inches in Mr; Moul per minute. The rate 
oirespiration fell towards the-end of the inqW fe my^ and at an earlier period in 
Mr. Moul. His pulsation also p&ifef mirie rose.„ 
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December 27 (5 caps.), Plato XXXVI. fig. 50.—J an or. of only moderately good rum, 
which had been used in the experiments on inhalation, and so weak as *944 spec. gm\. 
(37*6 per cent.), with 2 oz. of cold water, taken every quarter of an hour, gave the follow¬ 
ing increase in the quantity of carbonic acid evolved after each dose.— 14 gi«, 4«> gr., 
•2 gr., and ’06 gr., showing a continuous increase. The maximum melonso in the quan¬ 
tity of air inspired was 49 cubic incheB after the last dobe, and the pi oportion of the 
carbonic acid to the inspired air was somewhat reduced in consequent o of the dispio- 
portionatc increase of the latter. The rate of rcspiiation waa slightly iiicieased with the 
tiist dose, and as slightly decreased with the subsequent ones, whilst the rule of pulsation 
was also slightly increased. The amount of vapour exhaled per minute in the expued 
air'varied from a decrease of *3 gr. and *2 gr. after the second and tliiid doses, when the 
respiiation felt feeble and there was sighing, to on increase of *04 gi. and *00 gr. after 
the first and fourth doses. There was, however, a progressive decrease to each 100 cubic 
inches of inspired air, as follows:—*742 gr. (basis), *7 gr., ’07 gr., ’06 gr., ami *07 gr., 


after succeeding doses. 

Bum and Mr.—April 12 (8 exps.), Plate XXXVI. fig. 5L 1J oz. of Nay rum, 
with 1 pint of good new milk, produced in myself and Mr. Moub an aw age increase 
in the carbonic arid of *73 gr. and *06 gr. per minute, whilst the maxima of increase 
wero *9 gr. and 1*88 gr. per minute respectively. The quantity of ail was increased 25 
cubic inches and 18 cubic inches per minute, with a diminution also of 42 cubic inches in 
tho latter (Mr. Moul). The rate of respiiation declined, and very much ho in Mr. "Mow., 
whilst that of pulsation was incicased. Tho depth of respiration was increased in both, 

Sherry Wine .—April 2 (6 exps.), May 6 (6 exps.), May 0 (7 exps.), Plate XXXVI. 
fig. 63. S oz. of tolerably good sheiry wine, alone, pioduccd in rnyHolf, on two occa¬ 
sions, an average increase of *19 gr. and *3 gr., and on another occasion an average 
decrease of *32 gr. of carbonic arid por minute. The maxima of increase were *30 gr. 
and *44 gr., and of decrease *62 gr. por minute on tho several occasions. In Mr. Moul 
the average decrease was *82 gr., and incroaso *920 gr. and *21 gr. per minute,* with 
maxima of decrease *9 gr., and of increase 1*44 gr. and ’82 gr. per minute. The quantity 
of air was lessened ifi myself in all the inquiries, but chicfiy in the first one, and least in 
the last; whilst in Mr, Moul it varied in the two former and was reduced in the last. 
The rate of respiration in both fell, and cbiofiy so in the first experiment; whilst that 
of pulsation rose in myself, and was unchanged in Mr, Moul. 


Inhalation of Alcohols. 

I have made several experiments with a view to determine the influcnco of the vola¬ 
tile matters of wines and spirits when inhaled, but the uneasy fooling in the lungs which 
fallowed each experiment made me fear the effect of a too prolonged series, 1 placed 
of the fluid for examination in a Woulfe’s bottle, and inspired air at tho ordi- 
e which had passed dirootly over it, taking core to shako the fluid fro- 
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Port Wine .—April 29 (4 exps.), Plato XXXVI. fig. 54. The wine was exceedingly 
fine and old, and the vapour was inspired during 10 minutes, on four occasions, within 
70 minutes. The carbonic acid ■was reduced on the average *53 gr. in myself, and 
*42 gr. in Mr. Moul per minute, with maxima of decrease of *87 -gr. and *58 gr. per 
minute respectively. The maximum decrease in the inspired air waB 50 cubic inches 
in myself, and 86 cubic inches in Mr. Moul per minute. The rate of respiration was 
increased in Mr. Moul, but it was ultimately decreased in myself. A moderately pun¬ 


gent sensation was perceived in the pharynx, and particularly when the wine was shaken. 
Tho loss in weight was 40 grs., and the spec. grav. increased from 1*004 to 3*005. 

Sherry Wine .—December 15. Tho bouquet was good but not persistent, and it pro¬ 
duced but little effect upon the throat. The effect of my inhaling it during 3 0 minutes 
was to reduce the carbonic acid *12 gr., and the air 8 cubic inches per minute. The 
vapour exhaled was increased from 8 grs. to 8*06 grs. per minute (*707 gr. to *88 gr. to 
100 cubic inclies). 

Alcohol .—March 30. Spt. Vini, inhaled 15 minutes, caused during the last 5 minutes 
a decrease in tho carbonic acid of *84 gr,, and in the air of 11 cubic inches per minute. 
Tho quantity of vapour exhaled was increased from 3*22 grs. to 4*04 grs. per minute 
(•755 gr. to *973 gr. to 100 cubic inches). On another occasion (December 0), the alcohol 
being inhaled during 10 minutes, there was no valuation either in the carbonic acid or 
air, and the vapour exhaled was increased from 3*8 grs. to 3*0 grs. per minute (*78 gr. 
to *91 gr. to 100 cubic inches). The alcohol lost 21 gm. in weight, fn both experi¬ 
ments the pulse became fuller. 

Gin (British ).—December 18. Inhalation of gin during 10 minutes cuuwxl a decrease 
in the carbonic acid of *5 gr. per minute, whilst there was an increase in the volume of 
air inspired of 18 cubic inches per minute. The vapour exhaled was increased from 
8 grs, per minute to 3*51 grs, per minute (‘746 gr. to *886 gr. to 100 cubic inches). 

Bum .—December 4, Decembor 13. Bum, inhaled during 10 minutes on one occasion, 
and 15 minutes on another, gave a decrease in carbonic acid of '50 gr, and *12 gr., and 
in air an increase of 12 cubic inches per minute. The pulse became much fuller, The 
vapour exhaled increased from 3*24 grs, to 8*89 grs, per minute (*799 gr, and *962 gr. to 
100 cubic inches), and from 3T2 grs. to 4*4 grs. per minute (‘699 gr. to ’048 gr. to 100 
cubic inclies). In the first experiment the rum lost 17 grs. in weight in ten minutes. 


I now prooeed to describe the effect of ale and porter. 

Stout .—May 7 (7 exps.), Plate XXXVI, fig. 65. 10 oz. of good stout gave to myself 
and' Mr. Moul an average increase in the carbonic acid of *88 gr. and *81 gr., and maxima 
of 1*66 gr, and, 1*02 gr, respectively per minute. The air was increased 41 cubic inches 
and 46 cubic inches per minu te. The rate of respiration was -a little increased, and varied 
somewhat in mysetf^whist it Ml in Mr. Moul. The rate of pulsation was increased 
4 and 7 per minute, The depth of inspiration was increased 1*8 cmbic inch. On another 
occasion* May 11 (8expk), the carbonic acid waslTCgr, and*98gr. 

mdooclix. ' ~ , 
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per minute. There was no increase in the quantity of air in myself*, but there was a 
maximum increase of 18 cubic inches in Mr. Moul. The rate of respiration fell a little, 
and that of pulsation rose. The depth of inspiration was much increased. 

Ale .—May 10 (0 exps.), Plate XXXVI. fig. 50. 11 oz. of good old home-brewed' 
Hertfordshire ale, a little acid, gave an average increase in carbonic acid of *6 gr. ami 
•27 gr., and maxima of 1*4 gr. and *36 gr. to myself and Mr. Mo in, respectively. The 
volume of air inspired was increased 00 cubic inches in myself, but there was a diminu¬ 
tion in Mr. Moul. The rate of respiration and pulsation scarcely varied in myself, uml 

that of respiration was at first increased in Mr. Mow,. 

As there was much variation in the action of the substances classed under this head, 

I have thrown the results now given into the Table on the opposite page, with a view 
to the more ready comprehension of the numerous details. 

Abstract of the Effects of Alcohols, 

From the foregoing we may learn— 

1. That the prcsenco of alcohol, being one amongst many elements, and that one 
varying greatly in quantity, is an insufficient ground for classification, and does not give 
a common action to the members of this class. 

2. The direct action of pure alcohol was much more to increase than It) lessen the 
respiratory changes, and sometimes the former effect was well pronounced. Small doses 
repeated had a more uniform and persistent effect, than would have followed the admi¬ 
nistration of the whole at once. The wdired action, as, for example, in lessening the 
appetite for food, and the mode of its action, I luiu* not investigated. 

8. Brandy, wliisky, and gin, and particularly the latter, almost always lessoned the 
respiratory changes recorded, whilst rum m commonly increased them. Bum and milk 
had a very pronounced and persistent action, and there was no effect upon the sense- 
rium. .Ale and porter always increased thorn, whilst sherry wine lessened the quantity 
of air inspired, but slightly increased the carbonic acid evolved, 

4. The volatile elements of alcohol, gin, rum, and sherry and port wine, when inhaled, 
lessened the quantity of carbonic acid exhaled, and usually lessened the quantity of air 
inhaled, The effect of fine old port wine was very decided and uniform; and it is known 
that wines and spirits improve in aroma and become weaker in alcohol by ago, The 
excito-respiratory action of rum is probably not due to its volatile dements, 

6. The quantity of vapour exhaled from tho lungs was increased during the inhala¬ 
tion of the volatile elements of wines and spirits, without the quantity of air having 
increased. When gin was drank, the quantity of vapour in the expired air was lessened, 
whilst it was increased under the influence of alcohol,' in about the some degree as 
during the inhalation of that substance. Henco tho exhalation of vapour and carbonic 

acid are not paralleT acts. y - : . 

6, The rate of respiration was in almtost all instances lessened in both of us, whilst 
- that of pulsation 'rod as obnstfttW iacroawd ta myad $ but not in Mr. Moul. 
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7. The relation between the quantity of caibonic acid expired and the \olumc of «ui 
inspired, was usually incioascd at tlio poiiod of maximum influence. 

8. The variation in the results was gi eater than the statement of the auiage and 
maximum effects indicates, as may bo seen in the Tables and Plates. 

The general effects upon the system of these substances may bo thus epitomized.— 

1. Thcie is not an exact concspondonce in time and intensity of the cflccts upon 
consciousness, sensibility, and respiiation, and their piincipol iulhieuco is not upon tin* 
lespnatoiy function. They disturb the vital actions. 

2. There were two sets of effects in each of the inqumes on spirits 

A. The caily effects, consisting of— 

Lessened consciousness, with cloudiness, swimming or giddiness, beginning in less 
than 10 minutes, and increasing during about 30 minutes. 

Lessened sensibility to light, sound, and touch. 

Wavy or buzzing sensation passing through the whole body, and a semi-cata¬ 
leptic state, in which there was indisposition to inou 1 uny pail of the bod} liotu 
the then existing position. 

These occuned at the same period as: 

Lessoned voluntary musculai power and control, with sensation of stiflin' s and 
hanging of the upper lip, and stiffness of the face mid lot cheat l, beginning in 
8 minutes, and continuing about 15 minutes. The dartos wus relaxed, and the 
erector penis and the sphincter of tlio bladder were midered less olFecti\e. The 
action of the heart and arteries was increased, as was iliat of tin* lunacies of inspnu- 
tion, with a sensation of sudden and forcible action, to a gi eater degree than the 
quantity of air inspired accounted for. Tlieio was certainly a difference in the effect 
upon the muscles subject to, and not subject to 'volition. 

Lessened transpiration of vapour from the lungs duiiug "J to 1 hour, will) diy- 
ness of the skin (a ls if it had boon induced by au east wind), and paiticulnriy 
with lum. Increased arterial action near to tlio surface in 8 minutes, with heat, 
tingling and swelling of the bkm, and a dry stato of the whole mouth, with whisky; 
and diynoss, redness, and soreness of the tip of tin* longue with rum. 

Pleasant dicaminoss and talkativeness, particularly with rum, in i 3 to 15 minutes. 

B, The later effects. 

Tadtumity in from 18 to 80 miuutes, followed by dopicssion and a mis erable 
feeling in from 00 to 90 minutes. 

Sensation of cold often occurred suddenly and apart from the temperature of tin* 
air in about 50 minutes. 

The principal influence over consciousness and sensibility was oflon lessened sud¬ 
denly, and the effects of the alcohol nearly disappeared at the following periods: 
71 to 78 minutes with alcohol; 48 to 120 minutes with rum; 00 to 81 minutes 
t^^th^whisky; 40 to 80 minutes with brandy, and 08 minutes with gin. 
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6. The Tea Series. 

The members of foist class are nearly all powerful respiratory excitants, llio inquiiie& 
have been very varied and extensive. The tea was exceedingly good and pure. 

Tea .—April 2 (6 exps.), Plate XXXVI. fig. 32. 100 grs. of black tea ga\e to myself 

and Mr. Moul a maximum increase of carbonic add of ’87 gr. and 1-72 gr. per minute 
in 50 and 71 minutes. The average increase was *78 gr. and 1 gr. per minute. The* 
quantity of air was increased 71 cubic inches and 08 cubic inches per minute, aud the 
depth of ins piration 4 cubic inches in each of us. The rate oi respiration was in¬ 
creased and that of pulsation decreased, except at the first observation, after the tea had 

been taken. 

April 7 (5 exps.), April 17 (5 exps.), PlateXXXVI. fig. 81, April IS) (f> cxps.).~f>0 grs. 
of black tea gave the following results to myself, Mr. Moul, Mr. Motn/s son (tel. 10), and 
Professor Feankland on different occasions;—a maximum increase of carbonic acid of 
1*08 gr. in myself; 1*38 gr., 2*58 grs. and 1*0 gr. in Mr. Moul ; 2 grs. in Mr.Moui/a son. and 
*69 gr. per minute in Professor Feankland. The maximum increase in the quantity of air 
inspired was in the same order,—*34 cubic inches, 39 cubic inches, GO cubic inches, 72 cubic 
inches, 95 cubic inches, 20 cubic inches per minute. My rate of pulsation was lessened, 
and that of respiration was scarcely changed. The rate ot both was lessoned in Mr. Moul, 
whilst in his son that of respiration was increased and of pulsation decreased. 

May 26 (7 exps.).—100 grs. of green tea, drunk when cold, gave to mjsclf and 
Mr. Moul maxima of increase of carbonic acid of '9 gr. and 2*58 grs. per minute, with 
average increase of M4 gr. and 1*57 gr. per minute. The quantity of air was not 
increased in myself, but it was increased 120 cubic inches per minute in Mr. Mmu,. 
The rate of respiration declined so much as 1 *2 and 2 per minute, and in Mi*. Moul that, 
of pulsation also slightly declined. The depth of inspiration was increased 8 cubic 
inches and 10 cubic inches. 

August 26 (4 exps.).—The same quantity given to Mr. Hoffman, Surgeon to the 
Margate Infirmary, caused a maximum increase of *64 gr. of carbonic acid per minute* 
and 50 cubic inches of air per minute in one hour. The pulsation declined after the 
first observation. 

May 24 (10 exps.), Plate XXXVI. fig* 05.—25 grs, of green tea, drunk when cold 
several hours after it had been infused, and repeated every quarter of im hour for five* 
times, gavo Mr, Moul an average increase in carbonic acid of 1*2 gr., and a maximum of 
1*8 gr. per minute. The maximum increase in the quantity of air inspired was 66 cubic, 
inches per minute after the fifth dose. The total increase of carbonic acid, as deduced 
from the ten observations, was 193 grs.; but at the end of the inquiry, in two hours and 
thirty-four minutes, there was still an increase of *9 gr. of carbonic acid and 86' cubic 
inches of air per minute. The rate of respiration declined 1*6 per minute, whilst that 
of pdlsatfon was^ 'The depth of inspiration increased 10*6 cubic 

inches, and was tb* fourth dose. J * # ^ 

' June S (1S exps,), fig.' Mack tea infused in one pint of 
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wutCj , und the whole uubonie add eduilcd by him during the inquiiy Mas eolleded 
and weighed cvciy five minutes. The basis quantil) was again le.uhed altei mM yhw 
minutes On the whole avciagi* the increase in the carbonic acid was *7!>gi. s with u 
maximum of 1-24 gi. per minute. Thus the excess of the cm borne acid exhaled om 
the basis quantity was 6l*35grs., oi only one-fourth of that i(suiting from a snmllei 
quantity when divided and taken at intervals. The maximum increase in the' quantity 
of air mspiicd was <J2 cubic inches pci* minutes and the* greatest inn ease* m both the 
uubonic acid and the ail occmred in the first half of the* period oi inquii). The iat<* 

of lespuation was incieased in the fiist thiee examinations. 

May 22 (7 exps.), Rate XXXVI. tig. 33.—1 took 100 grs. of black tea and eollec ted 

all the carbonic acid exhaled uniler its influence, and weighed nil that collected ui th<* 
fiist horn, and then each quortei of an hour for three times, and finally iu fi\<* minute's, 
when the basis was reached and the inquirj ended. 'Hie average inn ease* in the eui homo 
acid was -04 gr. and the maximum 1*23 gr. per minute, and thus tlic* total increase iu 
110 minutes was 70*40 grs. The quantity of air was increased on the average* 17*5 cubic 
inches, and the maximum increase was 77 cubic inches per minute at the eiul of the fiist 
hour. The pulse foil and the rate of icspiratiou slightly increased, whilst the* d<*pth of 
inspiration incieased nearly 5 cubic inches. 

7><z, Milky and Sugar .—Juno 5 (0 exps.), Plato XXXVI. fig. 30. 60 grs. of black tea, 
taken with milk and sugar, gave uh maxima of increase iu the carbonic acid of 2*0(1 grs. 
and 2*60 grs. per minute. The maximum uicrcuae in the quantity of uir was 78 cubic 
inches per minute. There was also increased rato both of respiration and pulsation. 

Tea and Citrio Acid.S uly 0 (7 exps.), fig. 30, July 13 (6 exps.), July 16 (6 exps.), 
July 18 p.jt. (3 exps.), Jidy 12 (6 exps.). 100 grs. of black tea, taken with 30 grs. of 
citric acid, gavo mo maxima of incroaso of caibonie acid in thr(*e expeiim(*ntH of 1 *80 gr., 
IT1 gr,, and 1*14 gr. per minute; on another occasion it was only *88 gr. per minute 
in Mr. Mour* Tho incicasc in the quantity of air inspired was 72 cubic* inches, 00*6 
cubic inches, and 72 cubic inches per minute in myself, and 0 cubic inches peT minuU* 
in Mr. Moul ; but in him there was also a maximum decrease* of 18 cubic niche's jk*p 
minute. Tho rate of respiration and pulsation was always considerably increased in 
myself but not in Mr, Mouu 

When taken in the afternoon I hod no increase of tho carbonic add, and the effects 
much moro resemblod those observed in Mr. Moul in his experiment boforo breakfast. 

T$cl> with Soda cmd Potash, —July 10 (6 exps.), fig. 37, 100 grs. of black U*a, with 
50 grs. each of carbonate of soda tuxd potash, with 8 oz. of water, gave me a maximum 
increase in carbonic add of 1*08 gr. per minute, and in air 89 cubic inches per minute. 
The rate of respiration scarcely varied, but that of pulsation was a littlo increased. 

Pea, with Caustic Alkali .—July 22 (6 exps.), fig. 88. 100 grs, of block too, with 40 tn. 

Potass© and 7 oz. of water, gave no incroaso in the carbonic add. There was an 
o£27 cubic inches of air, The rate of respiration was unchanged, but that of 

W llr , 
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On many occasions we took a cup of tea with a view to relievo the system after expe¬ 
riments with other substances; anti the results have much interest, as showing their 
uniform direction and the rapidity of the action of tea. "We both took milk with it, 
but I alone took sugar. 

April 24.—After having taken brandy, tea gave to myself* and Mr. Moul in fifteen 
minutes an increase of carbonic acid of *G2 gv. and 2*58 grs., and of air 25 cubic inches 
and 108 cubic inches per minute. 

May 16.—-After cocoa had increased the respiration in myself, but scarcely in 
Mr. Moul, tea gave us an increase in carbonic acid of *2gr. and 2*2 grs., and in air of 

9 cubic inches and 78 cubic inches per minute. 

May 28.—After an experiment on rice, 50 grs. of tea infused one minute, ga\e 
Mr. Moul an increase in carbonic arid of lgr., and in air of 17 cubit* inches per minute. 

May 29.—After having taken whisky, the sumo quantity of toa infused two minutes, 
nave us in ten minutes an increase in carbonic arid of *90 gv. and 1*82 gv. of carbonic 
L. and 50 cubic inches and 50 cubic inches of air per minute. 

May 30.—After an experiment on rum, tea caused a small decrease in my carbonic 
acid with a slight increase of air; but Mr. Moon had in Iwonty-fivo minutes an increase 
of '92 gr. of carbonic acid and 48 cubic inches of air per minute. 

June 21.—After an experiment on arrowroot and butter, I Had again a small decrease 
in the carbonic acid, whilst Mr. Moul. had an increase of 2-12 grs. and 08 cubic inches 
of air per minute. Neither substance agreed with us. 

Ooffm .—April 0 (4 oxps.), April 0 (0 expo), April 15 (0 oxps.), Plate XXXVI. tig. 30. 
May 3 (7 expsu), fig. 40. J an oss. of good coffin: gave to myself and Mr. Mom, on three 
occasions, the following increase per minute:—Carbonic acid, '98 gr. and 1*02 gv., Ogr. 
and -4 gr., 1-10 gr. and 2-64 grs.; air, 80 cubic inches and 14 cubic inches, 40 cubic 
inches and 84 cubic inohes, 35 cubic inches and 84 cubic inches, $ of an ox. gave us an 
increase per minute of carbonic acid, I '08 gr. and -82 gr.; and of air, 28 cubic inches and 
54 cubic indies per minute. The rate of respiration, but not of pulsation, was increased 
hi mysolf, whilst in Mr. Mom. tho increased rate of both functions was much less than 
in' myself in the first experiment; and in the others there was no increase. The increase 
in the depth of inspiration was not great. 

April 27.—A cup of coffee with milk, after an experiment on gin, gave neither of ns 
any increase of carbonic acid or air within a short period. 

May 6.—| of an ox. of coffee with milk gave us, after on experiment on wine, 
an increase in carbonic acid of '08 gr. and 1-68 gr., mid of air 64 cubic inches and 80 

• cubic inches per minute in thirty minutes. 

Ciifcwy.—May 17 (7 exps.), Hate XXXVL %. 42, J an oz. of chicory with 8 ost. 
of boiling water, gave to myself and Mr, Mom, a maximum increase in carbonic acid of 
Iff 7 gr. an» -66 gr. pet aimrte;whilst the quantityofair inspired wa* increased 27 cubic 
inches and 42 cuble inches petofetitufoi Jfhe rate'of H»pi*a#«t and puliation fell con- 
siderably in Mr. Mow, Whilst itt.mysdf the ! latter ww leBSened 1 per minute and the 



DJI. E. SMITH ON THE AOTTON 


forinoi slight!) increased. Tlic depth of inspiration wok increased I cubic inches mid 
6'2 cubic inches. 

Cocoa. —April 16 (6 exps.), Plato XXXVI. fig. 43, April 20 (0 oxps.). 1 «/. of good 
cocoa, well boiled in 11 oz. of water, gave me on two occasions a maximum increase m 
caibouic acid of 1*02 gr. and 1*1 gr. por minute, whilst Mr. Moitl had on one occasion 
a maximum increase of *G4 gr. There was a maximum increase of air of 27 cubic inches 
and 61 cubic inches per minute in myself, with an increase of 91 cubic inches in Mr. 
Mouu The rate of respiration and pulsation was nearly unaffected in myself, hut^ it 
fell in hlr. Motjl. The depth of inspiration was increased 3‘C> cubic* inches and 6-7 

cubic inches in myself. 

Coffee leaves, —April 16 (6 exps.), Plate XXXVI. fig. 41, April 30 (6 exps.). Mr.lUa- 
burt of Plough Court kindly furnished mo with a specimen of coffee loin es, from which 
a beverage is made in Sumatra. $ on oz. infused in 10 oz. of boiling water ga\e me on 
iuo occasions a maximum decrease in carbonic acid of ’84 gr. and *80 gr. per minute*, and 
Mu Mottl had a decrease of 1*42 gr. por minute. There was a maximum decrease in 
the quantity of air inspired of 26 cubic inches and 61 cubic inches per minute in myselh 
and 160 cubic inches in Mr. Moul. The rate of pulsation and respiration, mid the depth 
of inspiration, all fell in both of tho inquiries* 

'Hie foregoing experiments prove— 

1. That tea, coffee, chicory and cocoa arc respiratory excitants, whilst coffee leaves 
depress tho respiratory function. 

2. The uniformity in the direction of the results is exceedingly striking, whilst the 
degree of influence is to a certain extent variable. 

3. Tea is tho most powerful, then coffee and cocoa, and lastly, chicory. 

4. The rate of respiration was sometimes a little increased and at others a little 
decreased, but the depth of inspiration was always largely increased. Tho rate of 
pulsation was usually slightly increased. 

6. With the addition of an add the effect was somewhat lessened, and the rate of 
both functions was increasod to a greater degree than with tea alone. 

6. The addition of an alkali also lessoned tho offoot of toa, and a fixed alkali totally 
destroyed its influence. 

7. The action of adds and alkalies varies with the state of tho system and in different 
persons. 

8. The addition of sugar and milk in the ordinary way increased the effect. 

9. Small doses- of tea, frequently repeated, have much greater effect than the total 
quantity taken at onoe. 

10. Cold tea, and tea infused and kept twenty-four hours, has as much effect as when 
hot and recently made. 

11. Green tea has somewhat more influence than black tea, and particularly in 
frEfo qjrt g, the rate and increasing the depth of respiration. 
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12. The proportion of the carbonic add to the quantity of air inspired was always 

increased at the period of maximum influence. 

13. Mr. Morn, experienced much greater effect from tea than myself He is exceed¬ 
ingly fond of tea, is not fond of coffee, and dislikes adds, and in the above experiments 

the results corresponded. 

14 The influence of both tea and coffee is exerted almost immediately, viz. in five 
minutes, and the maximum is attained in from twenty-fivo to sixty minutes. Tlio 
duration varies from one to two hours. In all these particulars there is a variation in 

different persons. 

15. With tea we frequently found nausea in ten minutes, and sometimes to a very 
unpleasant degree, but it left in ten or fifteen minutes. There was also a soothing or 
narcotic effect at first on several occasions, and when it had boon taken with an alkali 
this effect was continued to the end; whilst on the other hand tho influence was more 
stimulating with the acid. There was great freedom of inspiration, and sometimes of 
expiration also, in about forty to seventy minutes, and with this thore was a feeling of 
lightness and dearness. The pulse was always soft, and the skin moist or soft. 

16. With coffee there was no nausea or soothing; the pulse was sometimes feeblo, and 
the pulsation in the head and hands more perceptible, Tlicro was often an uncomfort¬ 
able sensation in the small intestines and forcing at the rectum, and not unfrcquently a 
sense of constriction about the diaphragm in from sixteen to forty minutes. Thore was 
more action upon tho kidneys than with tea. The skin was often hot and dry. 

17. Coffee loaves caused the hands to bo hot in seven minutes when 1 oss. had been 
taken, and iu thirty-five minutes a purring sensation occurred similar to that with 
alcohol, and a not unpleasant fooling of listlessness. The effect was narcotic in thirty- 
seven minutes* 

7. Sme other Nitrogenous Substances, 

Alhmm.— April 9 (8 exps.). Two good-sized boiled eggs gave Mr. Moul’s son an 
average increase in carbonic add of *27 gr., and a maximum of *88 gr. per minute* Tho 
ynft.vi-miiyn increase in the quantity of air inspired was 17 cubic inches per minute. 
On another occasion, April 21 (6 exps.), Plate XXXVI. fig. 67, my increase in carbonic 
add was an average of *46 gr. and a maximum of 1*12 gr. per minute, whilst in Mr. Moul 
they were T8 gr. and 88 gr. per minute, respectively. I had a decrease in the quantity of 
air, whilst Mr. Moul had an increase of 38 cubic inches per minute. My rate of respi¬ 
ration soarcely varied, but Mr. Motjl’s fell, as did also bis pulsation in a slight degree. 

May 8 (8 exps.). The effect of 120 grs. of pure dry isinglass prepared with 
12 oz. of water, gave to myself and Mr. Moul an average increase in carbonic acid of 
*43 and 44 gr*, and maxima of *84 gr* and 66 gr, per minute respectively,' On another 
occasion, May £L (7 j^ps^ 190 grs. of dry commercial isinglass gave to myself and 
Mr, Moul % an average increase In cpbonie add of/44gr, apd *26gr. r and maxima of 
*76 gr. and ;92 gr. par, sdntite had ^increase of air in the first expe- 

mwjcomx. ' -" ' ' 
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riment, but there was a maximum increase of H cubic iuchen p<«r irnnuie w tl.e smm<l, 
whilst the increase in Mr. Mom, was 70 cubic inches and 28 culne inches per immite. 
The rate of respiration was reduced in both, and the lespi. aliens wcu- fro' and deep. 

Mi*. Moul is fond of jelly. , 

Almond-mulsion. —September 10 (6 exps.). 1000 grs. of almondh made into mi omul- 

sion with 8 oz. of water, gave mo an average doorcase in cm borne ac nl of *17 gr., mid m air 
of 18 cubicinches pcrminutc. Tho rato of both pulsation and mph Alton fell,and there 
was a semi-narcotic effect in thirty-five minutes. Tho hands woi e hot and i om-esied. 

Lean flesh —Apiil 23 (7 oxps.). 0 oz. of law (4J oz. rooted) twlloni lean Ixvtstonk, 
gave to myself and Mr.MouL a maximum increase of *7 gr. anti *2 gr. per ummt<\ but I 
had no average increase. The maximum increaso in the air inspired was I!) < ubic inches 
in myself, whilst thcro was a decrease in Mr. Moitl. The into of i espinition was winced. 

Fish—July 5 (8 exps.). 8 oz. of very fine, well cooked salmon, gave me a maximum 
increase of -84 gr. of carbonic add per minute in sixty-five minutes, but there was no 
average increase. There was a maximum increaso of air of 15 cubic inches, with a 

slight fall in the rate of both rospiialion and pulsation. 

Hence albumen, fibrinc, and gelatin exert on influence in exciting the respiuitory 
function—fibrine in the least, and gelatin in the greatest degree. Alinoiul-ein ulsion, 
although so powerful a ferment, is not a respiratory excitant. 


Conclusion. 

Having now described tho action of each of the substances mentioned in the list, 1 
proceed to offer a few general remarks upon tho rosults obtained. 

1. It is evident that foods maybe fitly divided into two classes, viz. those which excito 
certain respiratory changes (exdto-rcspiratory), and those which do not. 

The excito-respiratory aro nitrogenous foods, m ilk and its components, sugars, rum, 
beer, stout, the cereals, and potato. 

The non-exdters are starch, fat, certain alcoholic compounds, the volatile elements 
of wines and spirits, and coffee loaves. 

2. Of the hydrocarbons, sugar must be regarded apart from starch and iht; tho 
former being destructive and tho latter conservative of material in (ho system. Alcohols 
are allied to both, but chiefly to tho latter. 

The very similar and powerful action of the cereals, and the uniform and powerihl 
action ofmflk--«ubstMiew upon which the life of man chiefly dopende-^are remarkable, 
whilst the very feeble ^firii^rwpira^ory action of pore stafeh is in accordance with its 
exceptional na& 

Ho sufficiently distinctive action between fefr and starch has been demonstrated, but 
Agtftfn differences have been shown, snohas that fat, a» compared with starch, less excites 
jta$3%*tation, does not increase the action of starch, increases pulsation somewhat, lias 
^t#pftfiScflnence, and gives a sensation of satisfaction. 

foods are “ exdtoHrespiratory’* in various degrees, and they 



Off ffOODS UPON TUB INSPIRATION. 


739 


comprehend nearly all the members of the class. This power is not in a definite* pro¬ 
portion to the quantity of nitrogen contained by them, mid sugar, which is powevlully 
« exdto-rcspiratory,” is destitute of nitrogen. Probably all compound foods containing 
sugar or gluten, or both, are “ excito-rcspiratory,” The principal ferments are “ exrito* 
respiratory.” 

4. Respiratory excitants have a temporary action; but the action of most of them 
commences very quickly, and attains its maximum within one hour. 

5. The most powerful respiratory excitants arc tea and sugar; then coffee, mm, milk, 
cocoa, ales, and chicory; then casein and gluten, and lastly, gelatin and albumen. Ihc 
amount of action was not in uniform proportion to their quantity. Compound aliments, 
as the cereals containing several of these substances, have an action greater than that of 
any of their elements. 

6. Most respiratory excitants, as tea, coffee, gluten and casein, cause nn increase in 
the evolution of carbon greater than the quantity which they supply, whilst others, as 
sugar, supply more than they evolve in this excess, that is, above the basis. No sub¬ 
stance containing a largo amount of carbon evolves more than a small portion of that 
carbon in the temporary action occurring above the basis line, and hence a large* portion 
remains unaccounted for by these experiments. 

7. The source of the carbon evolved, whether dirret/y from the food recently taken, 
or indirectly from increased action induced in the tissues, or from the more rapid dis¬ 
engagement of that contained in the blood, has not been determined; hut. it luw been 
shown in reference to the rapidity and amount of action of fowls,— 

«. That the increase in the evolution of carbonic add with some of the respiratory 
excitants is considerable in from three to eight minutes after the introduction of the 
substance into the stomach, and increases regularly and quickly to a maximum, and 
then often declines rapidly, as is well shown by tea and sugar.* In others, m casein, the 
action is more tardy. 

fi. That the effect of alcohols upon the sensorium was often perceived in four minutes 
after they had been swallowed; and the effect of the inhalation of alcohols over the 
chemical end physical changes was immediate, 

y. That alkalies usually lessen and prolong their action. That fet and tiro absence of 
fluid lessened the action of sugar, whilst acids often increased its action. 

&. That email quantities, often repeated, were more efficacious than one large dose. 

«. Also that the whole of the carbonic add evolved under the influence of tea, coffee, 
and gluten, could not have been derived from those substances. 

It is remarkable that starch and fat, which constitute the chief supply of carbon to 
-the System,, scarcely increase the respiratory changes beyond the mount m which they 
one ftaadfe. the afeteaee of feed This may help in the elucidation of their interne* 
ffiwffce fransfennaiM^ #at never, and tactic arid addon, ixLwmm the respiration above 
Iheminiinmlfr^ lesrpowerfbi rf^Moey e^ni^ than any other 

: kind of sugar; but 1 havr*0tdo*fl^^ wjten given in the doses in which 
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it may be pres um ed to bo given to the respiration as the result of chemical trunsfouna- 
tions within the body. 

Starch and fat maintain the respiration to the m inimum line, and only under the in¬ 
fluence of exertion or of some other respiratory excitant is that amount much exceeded. 

8. Pulsation and respiration, carbonic acid and vapour in the expired air, do not 
respectively move in parallel lines. There is a close but not absolutely uniform relation 
between the quantity of air inspired and the carbonic acid expired. There was almost 
always a parallel movement between them. 

9. Very generally there was an increase in the quantity of carbonic acid in relation 
to the air inspired. 

10. The depth of inspiration was almost always increased; and never with food was 
increased q uant ity of air inspired, or of carbonic acid expired, duo to inci eased rate of 
respiration. The rate usually declined and the depth increased. 

11. In reference to alcohols, it must bo remarked— 

a. That alcohol alone was not used in the whole of Prout’s and Vierordt’s experi¬ 
ments, but various substances containing alcohol were taken by tho former, and white 
wine by the latter. 

(3. There is the utmost variation in tho composition and quality of tho membors of 
this class, so that in roforonce to wines and spirits, anti perhaps alcohol, it would be 
impossible to obtain two precisely similar specimens from different supplies. 

y. Thoro is groat variation in the habits of men, and therefore of inquirers in 
reference to their use. Coaotjpe statos that ho took one pint of wino at dinner, and 
occasionally a glass of weak brandy and water at night. Protjt statos “ that iho quan¬ 
tity I am in the habit of taking is very small.” Mr. Mora and myself scarcely ever take 
spirits; and I rarely take wine or ale, but Mr. Mora takes three glasses of good wino 
daily. 

& Our experiments were made when fasting. 

Hence there arc many causes for discrepancy in the results of different observers. It 
is in accord with common observation that different members of this class have different 
effects; and it is not tho practice in modidno to substitute alcohol for wino, brandy, or 
ale in tho proportion in which it is found in those substances. Tho preference of rum 
to gin, or other spirits, for the uso of tho navies of all countries is probably, at the present 
day, based more upon their different action than upon their relative cost 

12. Tea also varies much in quality, and the effect of different weights of it varies 
much also. These circumstances have not been recorded in connexion with previous 
inquiries. 

Its powerful, uniform, and rapid excito-respiratory action without increasing pulsation 
and without supplying much carbon, renders it worthy of being more highly regarded 
art medi ci nal agent Its efficient action when cold, and after having boon infused 
**f f»y hours, and even days, and its accumulative influence with ropo&tod doses, 
t|lu& 
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It is probable that coffee leaves have valuable medicinal properties. The contrast in 
the effect of tea, and such alcohols as brandy, gin, and whisky, upon the respiration, 
consciousness, sensibility, muscles, skin, and mucous membranes and pulsation, and the 
power of regulating the heat of the body, is very striking, and shows that the two 
filftpsifia of substances are applicable to very different conditions. 

13. The different action of milk and its components upon Mr. Mottl and myself is 
instructive; and in general these experiments have shown that there is a direct relation 
between the idiosyncrasies of individuals in the enjoyment of certain articles of food and 
their effect upon the system, or in other words, that they are not merely prejudices, but 
have a relation to the state of the body. I enjoy every kind of food, whilst Mi\ Moul 
dislike s many, but in such a manner that, with the avoidance of certain members of a 
class, as respiratory excitants, he had an unusual relish for others of iho saino doss. 

As some of the results at which I have arrived are not in accordance with those 
obtained by some other observers, I have felt it to be a duty to carefully rcconsidci my 
own labours, and to make myself familiar with the methods adopted by those with 
whom I differ; and after doing so, I find no reason to distrust the truthfulness of my 
own observations. 

As Dr. Prout, forty-five years ago, simply Bought to determine the per-contagc of 
carbonic acid in tho expired air, without being apparently aware that that would not 
give the total quantity of carbonic acid evolved in any given period, whilst I have 
deter min ed tho latter only, our results cannot be compared; but as I tlrink that he is 
not always correct, even in reference to tho por-contage amount of carbonic acid, X 
venture to ask attention to the following circumstances:— 

He compares the results obtained with standard quantities for each hour, moat of 
which are “ only the result of estimationand when they were observed quantities, they 
were derived from a limit ed number of inquiries upon himself and evidently without a 
due appre c i ati on of the varying effects due to the meals and the duration of tho intervals 
between the meals. He states that the results were not in accordance with those of 
Mr. Braitdi, and were quite unexpected by him. There were also remarkable oscilla¬ 
tions ; and when the alcohols had induced yawning, the quantity of carbonic add was 
found to be much above the standard. 

In one experiment only was alcohol taken, whilst wine in different quantities, and 
porter, with and without food, were taken in other experiments. 

He also states that the inspirations and expirations were somewhat deeper than 
natural, and that “the results obtained are evidently to be understood as measures of 
the ctypoHUty of the organs of respiration to form carbonic add at any given tune, and 
not as measures of the quantity of it formed in a given time.’* 

In reference to lit Poseur’s experiments, I cannot but attach weight to some of the 
objections made by me at the commencement of this paper; and although I cannot fidly 
explain the cause of the discrepancy in our resuit^ l thiuk that the decided and uniform 
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action of sugar, tea, and coffee, in nay experiments, offoids indisputable evidence of their 
truthfulness. Ho classes sugar, coffee, and alcohol together j and although the class of 
alcohols is a difficult one for investigation, and consists of substances which are known 
to vary in their action, the truthfulness of my results in refcrenco to two of the threo, in 
opposition to thoso obtained by M. Bomm, is presumptive of the truthfulness of the 
third. 


Explanation of tub Plates. 

PLATE XXXV. 

Represents the effect of numciotts articles of food when taken in moderate doses alone, 
fasting, and under precisely the same dicurastuncos, upon the caibonic acid 
expired, the air inspiicd, the depth of inspiration, and the rate of pulsation 
and respiration. They arc arranged in four seiios: viz. Fats, figs. I and 2; 
tho Starch Series, figs. 3 to 13; the Milk Sorios, figs. 14 to 21; and tbe Sugar- 
Series, figs, 22 to 29. 


PLATE XXXVI. 


Represents similar inquiries in reference to articles arranged in tho Tea Seiios, figs. 30 
to 43, and in the Aloohol Series, figs. 44 to GO; and also tho effect of Albumen. 


In the construction of Iheso two Plates the absolute quantities have not boon delineated, 
bat only the increase or decrease Horn tho quantities ascertained immediately beibio the 
food was taken. Those latter quantities ore regarded as basal quantities, and they arc 
stated in figures near tho basal line of oach object of inquiry in each expciimcut. Thus 
in fig. 47, “ S. 8-33” and “ M. 7-98” placed under tho basal line of the caibonic acid, show 
that before tho tea was taken Dr. Smith expired 8-33 grains, and Mr. Moul 7*98 grains 
of carbonic acid per minute; and tho direction of tho curves shows how far the quantity 
at oach inquiry exceeded the basal quantity. The period at which each inquiry was 
commenced after the food had been taken is stated in hours and minutes nt tho head 
of each column. Each inquiry was continued during five minutes after tho period 
just mentioned; but in some experiments it was continuous for one hour, and followed 
by others at intervals, as in fig. 33, or was continued without intennission until the end, 
but the quantities recorded every five minutes, as in fig. 84. In figs, 24, 25, 35, 45, 
and 50, the dose of the food was repeated more or less frequently during tho experiment, 
and then the figures at the head of each column show the period when tho inquiry was 
made after the repetition of each dose. 

‘One ta&perat&re end the height of the barometer are recorded at the hood of each 
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XXVIII. Supplement to Mr . Maoqtiorn Rankine’s Paper “ On the TlierTnodymmic Theory 
of Steam-engines with dry saturated Steam , and its application to practice*.” 

, Received September 3 ,~rRead December 8 , 1859 . 


The following additional information respecting the steam-ships reforred to in the 
examples may be interesting, although it does not strictly belong to the special subject 

of the paper. 

Pitamp t.u I.—Paddle-steamer ‘Admiral,’ built by Mr. James R Napier j engiues 
made by Messrs. Randolph, Elder and Co.; draught 7feet 0 inches; length 210 feet; 
breadth 32 feet; displacement 820 tons; speed with 774 indicated horse-power 11*0 
nautical mil es an hour. Effective work in driving the ship, about 004 horse-power. 
Available heat expended per hour in foot-pounds per indicated horse-power, 


1 , 980,000 1 , 980,000 

efficiency of steam O ’123 


= 10 , 100 , 000 . 


Coal burned per indicated horse-power per hour, 2*07 lbs. 
Available heat of combustion of one pound of coal, 


M.ioo.ogo _ 6 j 42o )00 o &ob .i bs , 

The total heat of combustion of one pound of tho coal employed being roughly esti¬ 
mated at 10,000,000 foot-pounds, it appears that the efficiency of the furnace and boiler 
was about 0*642. 

The boilers were improved marine boilers of ordinary proportions. 

Example II.-—Screw-steamer * Thetis,’ built by Messrs. C. Scott and Co.; the engine 
made by Messrs. Rowan and Co. 

Available heat expended per hour in foot-lbs. per indicated horse-power, 


1 , 980,000 1 , 980 /) 00 __h a o-t n *aa 

efficiency of steam= "'O-taT 8 * 10 * 812 ^ 00, 


Coal burned per indicated horse-power per hour, during an experiment of one hour’s 
duration,, 1*02 lb. 

Available heat of combustion of one pound of the coal employed, 

^^ =10,110,000 foot-pounds. 

- ( f 

The coal used was of very good quality; and its totalheat of combustion per pound is 
* PhiLosopMoal Ibraaaft^onB^ Pftrt X1869# p.177; Proceeding# of,the Boyal Society} January I860, 

A 4 A ^ 1 r f f -> -V 1 

j , . / - * # f ' * «■ s- .'i ^ / ' ' 
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estimated at 11,560,000 foot-pounds. Hence the efficiency of the furnace and boiler was 

10 , 110,000 n.oo 

11,560,000 U oa 

In this case the short duration of the experiment on the consumption of coal, which 
was interrupted by a fog, makes the result less satisfactory than it would have been if 
the exper iment had been continued, as intended, for several hours. The engine and 
boiler were of a kind invented some years ago by Mr. Craddock ; the boiler consisting 
chiefly of a sort of cage of vertical water-tubes enclosing each fire-grate. The heating 
surface ■was about nin e times as great, relatively to the fuel burned, as it is in ordinary 
marine boilers. 

Example m.— Paddle-steamer * Callao,’ built by Messrs. John Reid and Co.; the 
engines by Messrs. Randolph, Elder and Co.; displacement 1100 tons j speed with 
1176 indicated horse-power 12*05 nautical miles per hour. 

“ Available heat expended per hour in foot-pounds per indicated horse-power, 


1,980,000 1,980,000 

efficiency of steam - 0‘14 


14,148,000 foot-lbs. 


Coal burned per indicated horse-power per hour, 2*67 lbs. 
Available heat of combustion of 1 lb. of coal, 


14,148,000 

9*67 


ss6,800,000; 


being nearly the same as in Example I. 

The boilers in this case were, like those in Case I, improved marine boilers of ordi¬ 
nary proportions. In such boilers, 6,400,000 foot-lbs. may be considered a fair estimate 
of the available heat of combustion of good ordinary steam-coal. 
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§ 1. Deference to a former Papei' on tins subject 

1. Two notices* which appeared last year in tho Journal of the Astronomical Society 
on my Paper on Himmal&yan Attraction, written at the Cape of Good Hope m 1364, 
and published by the Royal Society the year following, havo called my attention again 
to this subject. Those who read that paper will remember, that it consisted of two 
parts? the first a calculation of the amount of deflection of the plumb-line, caused by 
the Mountain Mass in India, at the principal stations of the northern port of the Great 
Indian Arc? and the second, the effect which the application of those defections, as 
corrections to the astronomical amplitudes, would have upon the calculated ellipticity of 
the Indian Arc. The results I arrived at arc much greater then were anticipated. Tim 
author of the communications to the Astronomical Society proposes to tost the truth of 


* By Lieut. Tennant, Bengal Engineers, and Eirat Assistant in the Great Trigonometrical Survey of 
India. 

I am indebted to Mr. Tbnnaito for having detected a numerical error in page 98 of my paper. By going 
through the Calculations, in page 98, it will he seen that 

' ' for a=—0’0089737—0*005l426w+0'0018881o, , 

we must wad 0*0019208+O , OO69570tt—O’OOI4564r. 

) * 1 1 
This will chang e the v^lue of In the uert line hut one. Thaw correction. have to effect, however, 

' upon the remit. tS'ssj paper. When the peper was wrftfen, Iwwiftr away fern all mean, of employing 

.a computer, a. is usual in suchcasee, tp.-rari&the long nomeripal : calculations, not one-tenth of which 

appearsinwhatuprinted. IniW,lMt'<*^eiMhe}f^,^ ' 

parts of the former one as need correction. ' r ' ‘ ' '* 

BCCCLtt. ? V , 
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my icbults, by comparing tlic cunatuiv thus deduced with the cumturo of other area 
on the continent of India. But tliib proceeds upon the gratuitous hypothesis, and one 
which for geological reasons is most likely not true, that the earth is at present an 
exact spheroid of revolution; l e. that all meridians arc ellipses, and indeed the same 
ellipses, and that every arc of longitude is circular. There are only two ways of avoiding 
the conclusion regarding the curvature of the Indian Arc to which I caiuc in my papei 
of 1855; either by showing that my data and reasoning me wrong, or l>y pointing out 
that some other cause is in operation, which either in whole or in part counteracts the 
effect of the Himm alayan Mass. My calculation has been before the public tlireo > ears; 
and, though some small numerical oirors have been delected, they are not ot sufficient 
importance to affect the result; and the data I lime every reason for bclieung to be 
correctly taken, as the Surveyor-General—who first called my attention to tin' subjet t 
hr 1852, as an uusohed difficulty in the operations of the Great Trigonometrical Survey 
of India—has been requested to forward to me any corrections which may appear to him 
to be advisable, and none have been sent*. There remains, then, only the resource of 
looking for Borne counteracting cause to compensate for the large disturbance produced 

by the ilimmnlayas and the regions beyond. 

2. The Astronomer Itoyal, in a paper published in the Transactions lot 1855, 
suggested that immediately beneath Hie nunmlain-maiw there was most probably a 
deficiency of matter, which would products as it wow, a negative attraction, and so 
counteract the effect on the plumb-line, 'Hris hypothesis appeal's, however, to lit* 

* The whole Mountain Rogion (which 1 cnll tlio Endows! Spare, hoc par. 8) 1 divide into two portions 
by a circular arc of about 850 miles radius described about Kahana, tbo northern station of the Great An*, 
as centre. Tho portion of tho mountain country witlun that arc 1 havo cnllod, in my former Paper, the 
Rnown Region, bocauao the heights are oil roadily obtained from tbo Harvey Maps. Tho remaining portion 
1 designate the Doubtful Region, because the heights cnimot possibly be so well determined. My chief 
sourco of information for tho Doubtful Region is Humboldt's ‘ A spools oi Nature.’ Tho Doubtful Region 
is, in superficial extent, about sixteen times as largo as tbo Known Region; but, as I show in my former 
Paper, bring more distant, produces nothing like a corresponding effect on tho stations of tbo Are. 

By the uso of the Tables in paragraphs K and 11 it may be show u without much difficulty, that tbo three 
Deflections 27 ff *973, 12 w *0Ji7, 6 ,f *790 at tho three principal stations would be reduced only to 211**088, 
9^*937,5' N 010, if the whole of tbo Doubtful Region beyond a radius of about 700 miles from tbo northern 
station wore left out of tbo reckoning. If the whole Doubt fid Region wore considered to bo a dead flat and 
to hare no effect at all—an hypothosiB dearly impossible—tho Deductions would still be roducod only to 
32"’972,8 W, 219, l f,, 886. In those throo casos tho corroctions to tho amplitndoB would bo 

15"'926 and 5"*257 if the Doubtful Region be as I have taken it j 

14»*696 and 4 f, *927 if all beyond 700 miles from TCaliana bo loft out or annihilatod; 

O'**758 and l' f ’888 if tho whole Doubtful Region be suppoaod non-oadstont, 

Hie errors to be accounted for (if tho ollipticdty of the Indian Arc bo what Oolonol Evbbsbt asuuinos it to 
be, Vis* tho mom) are 5" 236 and —8^*789. This extravagant, and indeed impossible hypothesis, then, of 
jdjMbftenoe of tho vast Mountain Rogion boyond tbo Ilimiualaya orost, will not account for those 
lens, then, will any mere cwreolion of tho heights of tlds Doubtfbl Region. A solution, if 
thereffce bs sought for in another direction. 
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untenable fov three reasons:—(1) It supposes tlie thickness of the earths solid crust 
to be considerably smaller than that assigned by the only satisfactory physical calcula¬ 
tions made on the subject—those by Mr. Hopkins of Cambridge. He considers the 
thickness to be about 800 or 1000 miles at least. (2) It assumes that this thin crust 
is lighter than the fluid on which it is supposed to rest But we should expect that in 
becoming solid from the fluid state, it would contract by loss of heat and become 
heavier. (3) The same reasoning by which Mr. Amt makes it appear that every pro¬ 
tuberance outside this thin crust must be accompanied by a protuberance inside, down 
into the fluid mass, would equally prove that wherever there was a hollow, ns in deep 
seas, in the outward surface, there must be one also in the inner surface of tin* crust, 
corresponding to it; thus leading to a law of varying thickness which no process of 
cooling could have produced. 

* 

§ 2. Hypothesis of Deficiency of Matter adopted in this Paper. 

3. It is nevertheless to this source—I mean a Deficiency of Matter below—that we 
must look, I feel fully assured, for a compensating cause, if any is to be found. My 
present object is to propose another hypothesis regarding deficiency of matter below 
the mountain-mass, as first suggested by Mr. Amy; and to reduce my hypothesis to the 
test of calculation. 

I will here observe, that all the more laborious numerical calculations in this Paper 
have been performed for mo—ns 1 could not possibly find leisure for the work— 
by a practised Computer of the (arent Trigonometrical Suney Office in Calcutta, 
obligingly recommended to me by the Deputy Surveyor-General. In the course of the 
present paper the attraction of tho Mountain Mass, in the direction of the meridian, at 
the three principal stations of the Groat Arc*~Kaluina. Kalumpur, and Damavgida— 
are again calculated, and a test so far afforded of the general accuracy of my former 
results. 

4. I will now state the hypothesis on which my present calculation proceeds. At 

the time when the earth had just ceased to be wholly fluid, the form must liave*bocu a 
perfect spheroid, with no mountains and valleys nor occan-hollows. As the crust formed, 
and grew continually thicker, contractions and expansions may have taken place in any 
of its parts, so as to depress and elevate the corresponding portions of the surface. If 
these changes took place chiefly in a vertical direction, then at any opocli a vertical line 
drawn down to a sufficient depth from airy place in tho surface will pass through a mass 
of matter which has remained the same in amount all through the changes, By the 
process of expansion the mountains have been forced up, and the mass thus raised above 
the level ;has produced a corresponding attenuation of matter below. This attenuation 
is most likely very trifling, as it probably exists through a great .depth. ‘Whether this 
cause will produce .a sufficient amount of compensation can .be determined only by 
submitting it to calculation, whio> J j^*oc^ed to (jo/. ; ; 
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§ 3. Summary of data and of some of the results of the former Paper , 

necessary for the iwesent calculation . 

5. Before procee din g it is necessary here to gather into one riew such of the result 5 , 
of my former Paper * as will be required for the present calculation. 

The Great Arc under consideration is in longitude 77° 42'. The three principal 
stations of this arc, the latitudes of which have been observed astionomirnlly, are A, oi 
Kaliana, in latitude 29° 30' 48"; B, or Knlianpur, 24° 7' 1L"; and <\ or Damargidn, 
18° 3' 16". The lengths of the two arcs, Kaliana—Kalianpnr, and Knlianpur Dainni* 
gida, as determined by the Runcy, are 32G859 , 52 and 307164'37 fathoms. 

6. In order to effect the calculation of the attraction on the three stations, the muss 
is conceived to be divided into smaller masses in the following manner, taking tlu* 
station A for example. Prom the point A (fig. 1) great circles are dravs n meeting in 

ttg.1 



* Philosophical Transactions, 1865, pp. 68*100. 
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the antipodes of A, dividing the superficial mass into so many lunes of attracting matter. 
Circles ^ then drawn with their centres in the vertical line through A, at distances 
increasing according to a peculiar law, which, for a name, I call the Law of Dissection, 
dividing the whole surface into a number of four-sided “ compartments *, which ha\ c 
this property, that the attractions of the masses standing on the several compartments 
of a lime thus formed arc exactly the same when the heights of the masses arc the 
same; or, which amounts to the same thing, since the heights arc all small compared 
with the di s tan ces from the station, the attractions of the masses standing upon the 
several compartments are in proportion to their average heights. 

7. It is then proved (p. 66) that if (3 he the angular width of the compartment, and 
h the average height above the level of A, the deflection of the plumb-line at A, in the 
direction of the meridian, caused by the mass standing on this compartment, 

=1"\L392 k sin $f3 cos Az. 


Hence the deflection caused by the whole mass 

^r'lSOSS.^sin^cosAz,.(1.) 

Az being the azimuth, reckoned from the north, of the middle line of the lune. 

8, By an examination of the physical geography of the earth’s surface, I next show 
that the only mass which can affect the plumb-line lies within a space IVKhDJTIJK.l jD, 
which I call the Enclosed Space, and then describe: the extreme 'diagonal lengths are 
each about 2000 miles. 

Tables arc next formed—of which a summary is given in the following page—con¬ 
taining all the data regarding the avorogo heights of the masses on the several com¬ 
partments; and the formula (1.) brings out the following results:— 

„ At A. At B. At 0, 

Deflection of the plumb-line in the meridian , * 27"’85S ll w, 908 64)09 
Hence the differences of deflections, or the errors in tho astronomical amplitudes, are 

15"’885 and 5"-059. 

After applying these corrections, I proceed to calculate the ellipticity of tho Indian 
Arc. With a view to make the results available for any other calculated attractions—a 


* The horizontal attraction of the mass standing on any ono of these compartments is shown to equal 
(see p. 62 of former Paper) 


p Bm g i0- 




where u and <#4*0 are the y- u g u lfly distances of tho nearer and further sides of the compartment from A. 
The Law of Dissection, connecting f with a , is this, 

a .1 


#cos» 




_ 21 

' - \ % * v V 

1 - { nil M ft „ 

__ 1 __ A ~ - L -~ ^ ,1 


f being assumed equal to when these angles fee tay ismall 




I 


I 


s 


Dutanco 
of middle 
of com- 
pditment 
fioni 
statiou. 


Lune I. liana II. 


0-787 
0*866 
0*949 
1*048 
1*163 
1*268 
1*396 
1*634 
1*687 
1*866 
2*042 
8*347 
2*472 
8-719 
2-990 
3*289 
8*616 
3*980 
4*378 
4*813 
6*298 
I 5-828 
6*408 
7*064 
7*707 
8*533 
9*386 
10*324 
11*360 
12*506 
13*770 
15*211 
16*80 
18*51 
20*40 
22*60 
24*83 
27*43 
,30*81 
88*55 


Luue V. 


I,one II liiine III 


600 

600 

1,200 

800 

1,600 

1,600 

1,600 


7,000 

7,000 

9,000 

9,000 

9,000 

9,000 

9,500 

9,500 

9,500 

9,500 

7,000 

9 >oool 

8,600 

8,100 

7,600 


4.600 
4,000 

8.600 
3,000 

2.500 
2,000 
1,600 

1.500 

3.500 


4,000 


I I 


9,000 
9,600 
9,000 
8,250 
7,600 
6,750 
6,000 
5,230 
4,500 
3,760 
3,000 
2 250 
1,600 
2,000 
3,000 


Lunt* I hum* U 


Totals hi feet 110,000*154,850180,400 807,950*125,000 55,450 83,450 91,230 74,000 86,750 
Totals in miles 26*883 29*828 84*167 39*385 83*673 10*502 15*805 17*282 14*015 6*960 


600 

4,000 

7,300 

9,500 

9,000 

7,900 

6,830 

3,730 

4,65(1 

3.600 

2.600 


2,000 


61,650 50,000 43,8 
11*676 9*470 8*1 


procaution I now feel the valuo of—I multiply them by arbitrary coefficients 1 —w and 
l—e, making them 

8 l5"-885 (l-«) and 6"-050 (1-4 

The elliplicity and the semi-axis major thon are 
I i =0-002840 +0'008098« -O'OOIWO tn 

<ts=2O88274*8+O-OO69670«-O'OO146fl4uJ. 

The®? only results wliich it is necessary here to recapitulate. 

> 1 i v • 


(2.) 
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§ 4. Calculation of the Effect of Deficiency of Matter, according to the 

assumed hypothesis. 

9. I now proceed to calculate the effect of the attcnua- Tig. 2, 

tion caused below by the upheaval of the mountains. I 
shall suppose that the masses standing upon the several 
compartments arc concentrated into the middle points of 
the meridian-diameters of the compartments. This may 
be done without sensible error, as shown in the note*. 

And next that these masses arc distributed into vertical 
bars or prisms, all to the same depth d, each bar or prism 
being of uniform density in itself, but containing the 
whole amount of matter belonging to the compartment 
from the centre of which it is drawn down. The differ¬ 
ence between the attractions of the mass thus distributed 
downwards, and of the moss as it lies in the Himmolayas, 
will give the horizontal attraction on the plumb-line at 
the three stations A, B, C, on the hypothesis of the attenuation I have described, 

10. Let M (fig. 2) be one of these masses, concentrated in the middle of its compart¬ 
ment: MN the bar or prism into which it is distributed. Join AM, AN, AO, NO. 
Lot AM=c, AN-&, AO=r, MN=rf, ^AOM=tf. It is a property easily proved, 

M 

that the attraction of the prism MN on A in the direction AM=^|. But the altruc* 



tion of M on A in the same direction The ratio of these is In this ratio, 

therefore, must the attractions of the masses on the compartments, as deduced in my 
former Paper (and re-calculated in this), be reduced, to obtain from them the attractions 
of the same masses when distributed into vertical prisms. 

Deflection along the middle line of any lune, caused by the mass on the compart¬ 
ment when distributed down to a depth d, becomes 


=l"13927i|sm|/3; 

1 

deflection in the meridian =1 W T892 hj sin cos Az. 

* Area of compartment =» ,s ^ (cos a—cos (,<*■+■ 4>))> ♦' s= rad. of earth. 

MaSa on the compartment =s^/3/>(cosa— cos (a+4))^=4if 3 /3p}i sm| 


3; o s * i m 

attractionof the mass, concentrated in the contre_ 3r_ __*1.1, , 

. -ditato (fromleSTnote) ~ ^ ^ ' 

The largeetvolue'V thi»leVhw/3*>^irfi^, * eraneewofc, irhea tt )» stout Tfofch pert greater 
than unity. ‘ ■'> *-7 " J * */ * 
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Lf 2 be a bymbol ropiobouting the sum of the quantities h sin \ cos A/ foi the fi\c* 
lunos for any given \alue of and i. A wii - ^ cos A/—b. 


Deflection in the meridian, for these five compartments, =V ,, L3i)2 ^ S. 


t'A \ 


71. We must first obtain the values of $. The width /3 of the 1 se\cml luues into 
which the Eudo&cd Space is dividod, and the azimuth of the middle linos, tue as Jollows 
(see par. 30 of my former Paper):—for A, widths, 24°, 30°, 30°, o0°, 20 , u/imuths, 2/ , 
0°, 30°, 00°, 85°; for B, widths, 8°, 30°, 30°, 30°, 10°, azimuths, 10°, 0°, 30°, 00°, 8(f ; 

for C, widths, 30°, 30°, 20°, azimuths, 0°, 30°, 55°. Hence the values of sin ,, ft eos Az 


for the several lunos are— 

for A, 0-1862, 0-2688, 0-2241, 0-1204, 0-0161; 

forB, 0-0000, 0-2688, 0-2241, 0-1294, 0 0151 ; 
for O, 0-2588, 0-2241, 0-0000. 


By these numborb must the heights in the Table of Heights (page 760) be multiplied; they 
must tlion bo addod together from loft to right, mid the totals gi'eu in the Table in 
page 763, will ho the aggregates for the several distances from the station, that is the 
values of 8. 'Hie grtmd totals at the foot of the Tablo, reduced to miles and multiplied 
by 1"-1802, give the total meridian deflections at the three stations caused by the 
mountain-mass as it now lies at tho surface. Those differ but slightly from the results 
of my last Paper, os recapitulated in par. 22 of the present communication*. 

12. Tho values of | have now to be determined, in order to carry out the calculation 
of foimula (3.). By fig. 2 we have 


^sss^-f cP—2«/sin^U, ^cs=:2«biu^^ 

sa 4a* bin* * 6+d 2 —iad ^ l ~ * 

Put lbs /tan ^=f/*sec*^, 

c 2ft ■ * 1 i 
COB y bill g ff* 

These formal© give 

^°8 log sin 5 4ss log tan .(4.) 

log^+log cos-^+fogsin ^4—20=l°g|.(6.) 


f tEo ttst tbs Accuracy of these results, the totals of tbo tliirtoen columns of the Table iu page 700 have 
l by the ftirteen constants above given, and then tbo three grand totals taken for tho three 
aMfit&lA Th#* teo tb^Ad to oooord oxaotly with the three totals of Lho Table in page 708. 


* t * 
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Table op Deflections in Meridian {mass all at the surface) (from formula 3). 



Values of S» 

»2* A rin-j3 co8 Azi 


No. of compartment. 

Station A. 

Station B. 

Station C. 


Kali ana. 

Kalian pur. 

Damargida. 

i 1 

77*64 



2 

189*69 



3 

394*37 1 



4 

573*60 



5 

797*38 




RSI‘HQ 



b 

7 

Ot) Jl OJ J 

1019*34 



8 

1713*38 



1 A 




9 

1 10 

)ClvQ / VI 

3106*36 



11 

3878*66 



13 

3703*16 



19 

4390*56 



14 

4773*46 

■ n 1 • * * 


15 

4790*81 







lb 

17 

«#UvA AVI 

5448*36 



18 

5677*91 



19 

6070*15 



SO 

6751*11 



SI 

ss 




OttUw 

6617*79 

118*05 


S3 

6631*10 

689*65 


34 

6335*37 

8315*70 


S5 

5901*77 

3181*50 


S6 

5551*39 

3811*18 


37 

5313*94 

4736*86 


£8 

4907*98 

5441*00 


\ 39 

4557*57 

5548*67 

■ ill 111 

80 

4198*86 

5893*44 

158*36 

31 

3835*76 

4988*08 

8379*80 

83 1 

9334*83 

4538*81 

3906*14 

38 

1936*77 

4085*37 

4937*39 

34 

1638*76 

3581*83 

4760*69 

35 

1339*01 

8576*13 

4151*06 

36 

646*71 

3079*60 

3547*65 

37 

1030*31 

1481*34 

8943*01 * 

1 

38 

194*10 

836*40 

8388*17 

39 

194*10 

673*30 

1867*83 

I 40 1 

617*60 


1095*80 

In feet.. 

139670*08 

55836*31 

31466*88 

y In miles ... 

34*659 

10*575 

5*960 

H. 

Multiplying by 1"*1392, Djm.BCTioNs=£7"'978 

1®»*047 

6'*790 


1 Tte f Tables in the-following pages {which I call the Pom Tables op Bbduction), 


give the values of | for four values of the depth* viz, (folOO* 800* 500, and 1000 miles, 

: : - ' •' l ' lJ - - ‘ ‘ 2fl /- J ■ , 2a 

Pot these values of 4 f the* m V-J log 7 are respectively 


MDCCCLIX. 
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ARCHDEACON PRATT ON TILE DEFLECTION 
Four Tables oe Reduction, calculated by formula* (‘I.) aiul («>.). 


Table I.—Depth =100 miles. 


No of 
the 

compel t- 
mcnt. 

2°* 

log Bin — 0, 

log bin 1 0 
+1 8075941 

-log tan 4 *’ 

log COS if'. 

log Hit) £ 0 

+ log cos ip 
J-1-WJ0M0-20 

'<■ 

1 

0-393 

or 

o / // 

0 23 35 

7*8363279 

9*7339202 

9*9440904 

1 6835083 

2 

0-433 

or 

0 25 59 

7-8784168 

9*7760091 

9*9337981 

1-7152052 

3 

0-474 

or 

0 28 26 

7*9175489 

9 8151412 

9-9228096 

1*7434485 

4 

0-524 

or 

0 31 26 

7*9611105 

9*8587028 

9-9088382 

1-77303H7 

5 

0*576 

or 

0 34 34 

8-0023763 

9*8999686 

9 8937914 

1-7992677 

6 

0-634 

or 

0 38 2 

8*0438816 

9*9414739 

9-8767823 

1-8237539 

7 

0-697 

or 

0 41 49 

8*0850648 

9*9826571 

9-8579831 

1-8461379 

8 

0*767 

or 

0 46 1 

8*1266283 

10*0242206 

9-8370370 

1-8667553 

9 

0-843 

or 

0 50 35 

8-1677179 

10*0653102 

9-8143838 

1-8851917 

10 

0-928 

or 

0 55 41 

8-2094324 

10-1070247 

9-7894454 

1*9021678 

11 

1*021 

or 

1 1 16 

8*2509871 

10-1485197 

9*7627636 

1-9167810 

id 

1*123 

or 

1 7 23 

8*2922508 

10*1898431 

0*73144(>0 

1*9297hCh 

13 

1*236 

or 

1 14 10 

8-3339012 

10*2314935 

9-7042486 

1*9412308 

14 

1*359 

or 

1 21 26 

8-3744877 

10*2720800 

9-6733584 

1*9509361 

15 

1-495 

or 

1 29 42 

8-4164693 

10*3140616 

9*6400279 

1*9595872 

16 

1-644 

or 

1 38 38 

8*4576902 

10*3552825 

9*6060825 

1-0668627 

17 

1*808 

or 

1 48 29 

8*4990171 

10*3966094 

9*5709770 

1*9730841 

18 

1*990 

or 

1 59 24 

8-5406431 

10*4382354 

9*5346689 

1*9784020 

19 

2*189 

or 

2 11 20 

8-5819954 

10*4795877 

9*4977795 

1*9828649 

SO 

2*406 

or 

2 24 22 

8-6230654 

10*5206577 

9*4601449 

1*9869003 

21 

2*649 

or 

2 38 56 

8*6647864 

10*5623787 

9*4219106 

1*9897870 

SB 

2*914 

or 

2 54 50 

8*7061631 

10*6037654 

9*3831792 

1*9924323 

sz 

3*204 

or 

3 12 14 

8*7473285 

10*6449208 

9*3442061 

1*9946046 

Si 

8-527 

or 

3 31 37 

8*7890017 

10*6865940 

9*3044808 

1*0965725 

26 

3*853 

or 

3 51 11 

8*8273552 

10*7249475 

9*2674791 

1*9979243 

26 

4*266 

or 

4 15 58 

8*8715081 

10*7691004 

9*2246997 

1*9992978 

27 

4*698 

or 

4 41 35 

8*9128474 

10*8104397 

9*1844141 

0*0003515 

28 

6*162 

or 

5 9 48 

8*9541030 

10*8516953 

9*1440456 

0*0012386 

29 

5-680 

or 

5 40 48 

8*9955141 

10*8931064 

9*1033699 

0-0019740 

30 

6*253 

or 

6 15 11 

9*0671072 

10*9346995 

9*0628859 

0 0025831 

31 

6*885 

or 

6 58 6 

9*0787356 

10*9763279 

9-0212643 

0*0030899 

32 

7*605 

or 

7 36 18 

9*1217006 

lT* 0 192999. 

8*9787284 

0*0035190 

38 

8*40 

or 

8 24 0 

9*1645998 

11*0621921 

8-0361833 

0*0038731 

84 

9*25 

or 

9 15 0 

9*2061309 

11*1037232 

8*8949442 

0*0041651 


10*20 

or 

10 12 0 

9*2481811 

11*1457734 

8*8581198 

0*0048909 

$6 

11*25 

or 

11 15 0 

9*2902857 

11*1878280 

8*8112590 

0-0045847 

87* 

1JM1 

or 

19 24 86 

9*8822481 

11*2298404 

8*7694070 

0*0047451 

$8 

m* 

or 

18 42 86 

9*8747625 

11*2728548 

8*7270362 

0*0048887 

89 

15*15 

or 

15 9 0 

9*417*174 

11*8148097 

8*6846817 

0*0049891 

40 

I 6.77 

or 

16 46 19 

9*4601918 

11*8577841 

8-6417987 

0*0050805 


1 1 1 
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Four Tables of Reduction, calculated by formulae (4.) and (6.). 


Table II. — Depth =300 miles. Table III. — Depth =500 miles. 


No. of 
the 

compait- 

meuL 

. . 
log BID g 3 

+1*4090396 

alogldinp. 

log COB ip. 

log Bin |o 

+ log cos (5 
+1* 1259687—20 

-"*!• 

* . l „ 
log 8111 g 0 

+1-17512J0 
■■log tan ip. 

log cos \p. 

log sut^o 

+ loft COB \p 

J-1‘2011200—20 

- h »T 

1 

9*2453674 

9*9933804 

1*2556770 

9*0114519 

9-9977228 

1-0381707 

2 

9-28745G3 

9*9919809 

1*2963754 

9*0535408 

9*9972300 

1*0797758 

3 

9*3266884 

9-9904426 

1-3339604 

9*0920729 

9'906fi9«0 

1-1183669 

4 

9*3701500 

9*0883756 

1*3754548 

9*1362345 

9*9959713 

1*1612017 

5 

9*4114158 

9*9860193 

1*4143643 

9*1775003 

9*9951373 

1*1016336 

6 

9*45SD211 

9*9831858 

1-4530361 

9*2190056 

9*9941268 

1*2421284 

7 

9*4941043 

9*9798329 

1*4908664 

9*2601888 

9*9939198 

1*2821046 

8 

9*5356678 

9*9758083 

1*5284053 

9*3017523 

9*9914554 

1*3322037 

9 

9*5767574 

9*9710902 

1*5647768 

9*3428419 

9-9807169 

1*3615548 

10 

9*6184719 

9-9654319 

1*6008330 

9-3845564 

9-9803680 

1*4029204 

11 

9*6599669 

9*9588048 

1*6357009 

9-1260514 

0 9850772 

1-4101316 

IS 

9*7012903 

9*9610786 

1*6692981 

9*4673748 

9*9820752 

1*4781*160 

13 

9*7429407 

9*9420082 

1*7018781 

9-5090352 

9*9784675 

1*5161887 I 

14 

9*7835272 

9*9317918 

1*73221512 

9*519«117 

9*9742951 

1*6529038 1 

1 

13 

9+355088 

9*9196563 

1*7620943 

9*5915933 

9*9691849 

1*58977*12 , 

16 

9-8CG7397 

9*9060531 

1*7897123 

9*6328142 

9*9632611 

1*6250713 ' 

17 

9*9080566 

9*8906270 

1*8156128 

9*6741411 

9*9562887 

1*0594258 

18 

9*9476826 

9*8731890 

1*8398008 

9*7157671 

9*948080) 

1*69128433 

19 

9*9910349 

9*8339217 

1*8618858 

9*7571194 

9*9386035 

1*7247189 

SO 

10*0321049 

9*8328390 

1*8818740 

9*7981894 

9-9277437 

1*7549291 

SI 

10*0738259 

9*8094513 

1*9002064 

9*8390104 

9*9150995 

1*7840059 

ss 

10*1152026 

9*7843319 

T*9164C37 

9*8812871 

9*9008277 

1*8111108 

S3 

10*1563680 

9*75753 88 

1*9308160 

9*9224525 

9*8848149 

1*8362634 

S4 

10*1980412 

9*7286294 

1*9435998 

9*9641857 

9*6666831 

1*8598048 

S3 

10*2363947 

9*7005925 

1*9539164 

10*0024792 

9*8482392 

1*8797144 

S6 

10*2805476 

9*6667436 | 

1*9642203 

10*0466321 

9*8249209 

1*9005490 

S7 

10*3218869 

9*6336708 

1*9724869 

10*0879714 

9*8010778 

1*9180452 

28 

10*3631425 

9*5994871 

1*9795588 

10*1292270 

9*7753969 

1*9836189 

29 

10*4045536 

9*5641182 

1*9656010 

10*1706381 

9*7478206 

1*9474647 

30 

10*4461467 

9*5276703 

1*9907462 

10*2122312 

9*7184113 

1*9596385 

31 

10*4877751 

9*4903904 

1*9960947 

10*2538596 

9*6873971 

1*9702527 

82 

10*5307401 

9*4511894 

1*9988587 

10*2968246 

9*6538752 

1*9796958 

88 

10*5736898 

9*4174137 

0*0019822 

10*3897238 

9*6190275 

1*9877473 

34 

10*6151704 

9*8724169 

0*0045)66 

10 3812549 

9*5841387 

1*9943896 

85 

10*6572206 

9*8815394 

0*0056892 

10*4283051 

9*5477953 

0*0000964 

86 

10*6998752 

9*2922210 

0*0084254 

10*4653697 

9*5105573 

0*0049130 

87 

10*7412876 

9*2516772 

0*0098940 

10*5073721 

9*4725938 

0*0089619 

38 

10*7838020 

9*2104015 

0*0111327 

10*5498865 

9*4335103 

0*0123928 

39 

10*8262569 

9*1689547 

0*0121408 

10*5923414 

9*3939077 

0*0152451 

40 

10*8692818 

9*1268419 

0*0180024 

10*6353158 

9*3533447 

0*0176565 
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Four Tables of Reduction, calculated by formula* ('!) unci (5). 


Table IV. —Dcptli =1000 miles. 


No. 
of the 
coin- 
paa W 
mcMit. 


, 1 * 
log sm ^ 0. 

1 

0-393 or 6 23 35 

7-8363279 

1 

1 * 

0-433 or 0 25 59 

7-8784168 

s 

0-474 or 0 28 26 

7*91754 89 

4 

0-524 or 0 31 2G 

7*9611305 

5 

0-576 or 0 34 34 

8*0023763 

i 6 

0-634 or 0 38 2 

8-0438816 

7 

0-697 oa 0 41 49 

8*0850648 

8 

0*767 or 0 46 1 

8-1266283 

9 

0*843 or 0 50 35 

8*1677179 

10 

0*928 or 0 55 41 

8-2094324 

11 

1*021 or 1 1 16 

8*2509274 

12 

1-123 or 1 7 S3 

8*2922508 

13 

1-236 or 1 14 10 

8-3339012 

14 

1-359 or 1 21 26 

8-3744877 

15 

1-495 or 1 29 42 

8-4164693 

16 

1-644 or 1 38 38 

8-4576902 

17 

1-808 or 1 48 29 

8*4990171 

18 

1*990 or 1 5Q 24 

8*5406431 

19 

2*189 or 2 11 20 

8-5819954 

20 

2-406 or 2 24 22 

8-6230654 

21 

2-649 or 2 38 56 

8-GG47864 

22 

2-914 or 2 54 60 

8-7061631 

23 

3-204 or 3 12 14 

8-7473285 

24 

8-527 or 3 31 37 

8-7890017 

25 

3-853 or 3 51 11 

8-8273552 

26 

4-266 or 4 15 58 

8-8715081 

27 

4*693 or 4 41 35 

8-9128474 

28 

5-162 or 5 9 43 

8-9541080 

29 

5*680 or 6 40 48 

8*9955141 

30 

6*258 or 6 15 11 

9*0871072 

81 

6*885 or 6 58 6 

9*0787356 

32 

7*605 or 7 36 18 

9*1217006 

83 

8*40 or 8 24 0 

9-1645998 

34 

9*25 or 9 15 0 

9-2061309 

' 8ft 

10*20 or 10 12 0 

9-2481811 

8<f 

* 11*5 or 11 15 0 

9-2902357 


UM4 or 12 24 36 

9-3322481 

*r 

* l&Ti 'Or 18 42 86 

9*3747625 

69 

154$' 'Of 15 9 0 

9*4172174 

40 

KW <*‘t6 46 10 

0*46(61918 


log tin Id 

4-0*8100207 
•a. log tail 


8*6769486 

8-7190375 

8-7581G»G 

8-8017318 

8-8429970 

8-8845023 

8- 9256855 
8*9672490 

9- 0083386 

9-0500531 

9-0915481 
9*1328715 

9-1745219 

9*2151084 

9-2570900 

9-2983109 

9*3390378 

9-3812638 

9-4226161 

9-4G36B61 

9-5054071 

9-5407838 

9-5879492 

9-6296224 

9-6679759 

9-7121288 

9-7534681 

9-7947237 

9- 8361348 
9*8777279 

9- 9193563 
9*9623213 

10- 0052205 

10-0467516 
10 0888018 

10-1308564 

10-1728688 

10- 2153850 

10-2578381 
10*8008125 


log COB 1 p. 

log sin 1 0 

4-logoostf/ 
0*0030000 — 20 

-logf. 

9*9996100 

2*7380279 

1 

9*9994054 

2*7809122 | 

9*9992882 

2*8209271 

9*9991303 

2*8033308 1 

9*9989487 

2*9044150 1 

9*9987280 

2-9456996 

9*9984634 

2-9866182 

9*9981406 

1-0278589 ! 

9*9977552 

1-0685631 , 

99972826 

1*1098030* 

9*9967147 

1-1507321 

9-9960323 

1-1913731 

9-9952026 

1-2321938 , 

9-9942299 

1-2718076 1 

9*9930188 

1-3125781 

9-9915873 

1-3523675 

9*9898643 

1-3919714 

9-9877819 

1-4315150 

9*9853037 

1*4703891 

9*0823649 

1-5085203 

9*0788067 

1-5466831 

9*9746090 

1-5838621 

9-9696639 

1-6200824 

9*9637547 

1*6558464 

9*9574003 

T-6878455 

9-9488494 

1-7834475 

9-9394965 

1-7554339 

9*9287188 

1-7859118 

9-9163146 

1-8149187 

9-9021263 

1*8423235 

9*8860837 

T-8679093 

9 8674166 

1-892207* 

9-8468584 

1*9145480 

9*8248529 

1-0340738 

9*8005771 

1*9518482 

9-7743449 

1-9676706 

9*7462853 

1*9816034 

9-7161171 

1*9939696 

9-6848585 

0-0046609 

9*6506910 

0*0189708 
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Table op Deflections, for Station A (Kaliana), when the mountain-mass 
is distributed to the several depths specified. 


No. of the 
compart¬ 
ment. 


Depth. o*100 miles. 


Depth =>300 miles. 


logS. 


logfS. 




1*8900855 1*5735938 
$•3780444 1*9933396 
3*4687460 8*3121945 
2*7586091 3*5316478 
3*9016653 3*7009330 
3*9200659 2*7438198 
3*0083191 2*8544570 
3*2338537 3*1006090 
3*3240271 32091188 
3*4922377 3*3947055 
3*4591903 3*3759713 
3*5685734 3*4983592 
3*6325039 3*5737437 
3*6788333 3*6397694 
3*6804089 3*0399961 
3*7017631 3*6686358 
3*7362658 3*7093499 
3*7541885 3*7325905 
3*7831994 3*7660643 
3*8293752 3-8163755 
3*8064453 3*7962322 
3*8207130 3*8131453 
3*8143209 3*8089456 
3*7941686 3*7907311 
3*7709822 3-7689065 
3-7444017 3*7436996 
3*7171660 3*7175175 
3*0909007 3*6931393 
3*6587834 3*6607076 
8*6238210 3*6254041 
3*5838514 3*5869413 
3*3492445 3*3527635 
8*2870781 3*2909512 
8*2110564 3*2152215 
3*0895554 8*0939463 
2*8107096 3*8158943 
8*0139257 8*0176708 
2*2880255 2*2939143 
4*2880255 2*8930146 
8*7139943 8*7190748 


log^S. 



Depth *=500 miles. 




163*002 

340*132 


1618*523 

2481*450 


3150*360 

3747*518 

4263*530 

4365*120 

4661*519 

5120*942 

6424*447 

5835*315 

6550*515 

6255*070 

6503*470 

6440*884 

6176*339 


5542*420 

5218*151 

4921*973 

4578*335 

4220*890 

3863*145 

2253*012 


1241*500 
6 

1041*525 

196*897 

196*348 

523*691 


1*1457625 

1*5744198 

1*8027064 

2*1340639 

2*3160396 

2*3731020 

2*4991855 

2*7622590 

2*8888039 

3*0930707 

3*0948912 

3*2378705 

3*3343820 

3*4110845 

3*4425032 

3*4914754 

3*5518786 

3-5939893 

3*6450852 

3*7112492 

3*7066516 

3*73717<>7 

3*7451309 

3*7377584 

3*7248980 

3*7086220 

3*6896529 

3*6704596 

3*6443344 

3*6135672 

3*5789461 

3*3481032 

3*2890603 

3*2155729 

3*0952446 

2*8191350 

3*0328197 

2*2991582 

2*3001663 

2*7269967 


13*988 ’ 
37*533 
63*490 
136*164 
207*028 
236*103 
315*635 
578*441 
774*112 
1238*998 
1244*203 
1729*300 
3159*643 
2576*882 
2770*150 
3100*811 
3563*515 
3926*353 
4416*571 
5143*387 
5089*885 
5459*800 
5560*795 
5467*118 
5307*605 
5112*366 
4893*876 
4682*303 
4408*948 
4107*402 
3792*680 
2228*965 
1945*630 
1642*755 
1245*316 
659*379 
1053*925 
199*140 
199*603 
533*331 


0*9282562 
1*3578202 
1*6871139 
1*9198108 
3*0032989 
3*1631943 
8*8904237 
2*5560574 
3*6855819 
2*8951581 
2*8993149 
3*0470184 
3*1489926 
3*2317361 
3*3701831 
3-3368344 
3*3956916 
3*4470317 
3*5079183 
3*5843043 
3*5904511 
3*6318838 
3*6505843 
3*6539634 
3*6500906 
3*6449507 
! 3*6358112 
1 3*6845196 
1 3*6061881 
! 3*5824595 
3*5541041 
1 3*3389403 
' 3*2748254 
' 3*2054460 
: 3*0896618 
1 3*8156236 
• 8*0218076 
1 8*3004183 
> 2*3032706 
8*7316308 


Depth ealOOO miles. 


logfs. 


8*477 1 ;< 
22*794 

38*647 I 
83*140 
100*702 
145*276 
195*175 
359*797 
484*822 
785*621 
793*076 
1114*346 
1409*365 
1705*046 
1862*873 
3132*435 
2487*090 
2799 180 
3220*463 
3839*761 
3894*494 
4283*747 
4478*850 
4507*7«7 


4415*203 

4317*290 

4212303 

4038*303 

3833*486 

3581*885 

2138*751 

1883*984 


1229 283 


0*6390134 

1*0589566 

1*2896731 

1*6219399 

1*8060803 

1*9657655 

1*9949373 

2*2017126 

3*3925908 

2*6020427 

2-6099234 

2*7599455 

2*8646977 

2*9506409 

2*9989870 

3*0541306 

3*1382372 

3*1867035 

3*2535885 

3*3378955 

3*3531283 

3*4045751 

[3*4344033 

3*4500050 


4*256 
11*454 
19*484 
41*874 
03*984 
93*420 
98*841 
183*089 
340*940 1 
399*984 
407*308 
575*368 
733*314 
893*567 
983*983 
1138*741 
1343*498 
1533*570 
1793*034 
8177*180 
8254*905 
853H-4HH 
2718*963 
2818*416 


3*4725999 

3*4768125 

3*4730621 

3*4651445 

3*4517667 

13*2414517 


Iu feet ...... 

t 1 - 

122545*996 

In miles. 

23*209 

Multiply by 1"*1392, Deflections*: 26"*440 



18*527 


5s21"*106 


79994*644 


14*980 


=17"*066 


2913*400 

3829*833 

1743*620 

1590*340 

1396*787 

1100*023 

600*317 

987*527 

191*433 

196*194 

534*524 


51909*575 
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1*8975923 and 1*9030900, 1*4090396 and 1*4259687, 1*1751240 and 1*2041200, 
0*8406207 and 0*9030900. The values of 6 are obtained from the first column in the 
Table of Heights (page 750), or from page 67 of my former Paper. 

The values of r S for the three stations, for the various examples of depth, are now 
k 

easily obtained by adding the logarithms of the last columns of the Four Tables of 
• Reduction to the logarithms of S in the Table in page 753, and finding the natural num¬ 
bers. The results are given for each of the three stations A, B, C, for all four cases of 
depth, in the four next Tables, which I call the Four Tab™ ov Dmn.bgeiohb in the 
meridian; the totals at the foot of these Four Tables give the final results, viz. the 
Deflections under the various suppositions of depth. These I now proceed to discuss. 


§ 5. Discussion of the Deflections wider the various cases of depth , and of the effect upon 

the MlvpUcity of the Indian Arc. 

13. The Tables thus calculated furnish the following results:— 

At Koliana. At ICidianpur. At Damargidu. 

Deflection in meridian, caused by the mass of 
the Himmalayas and the mountain region H „ „ 

beyond. 27*978 _ 1 2*047 0*790 

Ditto, by same mass distributed through a depth 
0 f.100 miles 20*440 12-111 0*855 

Ditto,. 300 miles 21*100 11*078 0*800 

Ditto’,. 500 miles 17*000 9*022 6*070 

Ditto,.1000 miles 11 *199 7*380 5*220 

By subtracting each of the last four lines from the first lino, we have the following 

results. At Kuliftna. At Kolianpur, At Dumargick. 

Deflection in meridian, caused by the mass of 
the Himmalayas and of the mountain region u u u 

beyond. 27*978 1,2*047 6*790 

Ditto, modified by the supposed attenuation of 
matter extending down to a depth of 100 miles 1*588 —0*064 —0-066 

Ditto,. 800 miles 6*872 0*369 -0*076 

Ditto,. 600 miles 10*912 2*426 0*120 

Ditto. 1000 miles 16*779 4*661 1*670 


It will bo seen how much the Deflections are reduced by this hypothesis, especially 
in the case where the attenuation extends through only 100 miles. In fact, in this case 
the upheaval o£ the mountains and the consequent attenuation below produce a slight 
deviation the other way at the two further stations. The success of the hypothesis may 
therefore* thus far, be considered to be established, although it, remains ah hypothesis 
still ; and we rnttstfrlwaysbe M uncertainty, not as . to its answering this end, but as to 











7Q0 ARCHDEACON PRATT ON TOT DEFLECTION 

its being true in nature. The existence of the mountain-mass is a fact indisputable. 
Not so the compensating cause, which is simply conjectmal to to its existence, and 
altogether uncertain as to its extent, if it exist. We have no certain and independent 
method of determining this; nor of ascertaining, even if the hypothesis be valid, how 
far down the attenuation extends, or what law it follows. 

14. I will now determine the effect of these several results upon the Ellipticity of the 

Indian Aic. 

The corrections to bo applied to the astronomical amplitudes of the two aies Kahana 
—Kalianpur and Kalianpur—-Damargida, arc determined by taking the diffei cnees oi 
the numbers in each lino of the Deflections above given, lienee we got— 

Corrections to be added to the astronomical amplitudes, in 
consequence of the attraction of the moss of the Himmar 


Ditto, from tho same cause, modified by the supposed atte¬ 
nuation below, extending down to a depth of 100 miles 

Ditto,.300 miles 

Ditto,.000 miles 

Ditto,. 1000 miles 

Putting the arbitrary expressions (L-w) and 6 f, ’069 (L—u), taken from par. 8, 

for these pairs of corrections in succession, wo find the following corresponding values 
of u and v 


Kalumn. Lo 
Kalianpur 

hulunpur to 
DamaiguLi 

16-031 

6*257 

1-002 

0 001 

(i-503 

0-440 

8-487 

2-305 

12-118 

3-091 


a—0-0028 

and —0*0391 

+0-8992 

+0*9098 

0-6900 

0*9120 

0-4067 

0*5444 

0-2371 

0*3890 

in succession, 

in tho formula (2) of par. 8 for 


we have the following values;— 

1=0*002377 or when no Deficiency of Matter exists. 

421 * 

0*004621 or —, when Deficiency of Matter extends down 100 milos. 

216 

0*008678 or when Deficiency of Matter extends down 800 miles. 

280 

0*008497 or when Deficiency of Matter extends down 600 miles. 

286 

0*002816 or when Deficiency of Matter extends down 1000 miles. 

555 

'pie value of the semi-axis major may similarly be found. Those values of the oJlip- 
Hcify differ in every instance from the moan value, They seem, however, to point 
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out, that if the attenuation extend down to between 500 and 1000 miles the ellipticily 
would come out equal to the mean value. In this case the residual mountain attraction 
is considerable. Thus, then, it appears, that although the hypothesis of Deficiency of 
Matter, if it extend to no greater depth than 100 miles or so, will very much multiply 
the effect of the Himmalayas and the mountain-region beyond on the plumb-line, the 
result shows that in computing the Indian Arc there is little ground for working with 
the mean ellipticity, as is done in the Great Trigonometrical Survey. 

15. Nor are the peculiarities of the Great Trigonometrical Survey explained by the 
hypothesis of Deficiency of Matter below. None of the pairs of errors in the astrono¬ 
mical amplitudes given in par. 14, nor any which can bo interpolated, coincide with the 
errors in the amplitudes detected by Colonel Everest in the Great Arc*. According 
to him, astronomical observations make the amplitude of the arc Kaliana—Kalianpur 
too small by 5"*236, and that of the arc Kalianpur—Damargida too huge by 3"*789. 
This latter error in dicates the existence of some local cause of disturbance in the neigh¬ 
bourhood of Damargida. That such local causes may exist without the presence of so 
enormous a mass as that of the Himmalayas, I have shown in a Paper on the English 
Arc published in the c Transactions’ for 1856. For example, in the course of the calcu¬ 
lations of that Paper the following instance occurs (p. 46, in the Table). A tabular mans 
only about GOO feet high, and measuring thirty-seven miles by forty-six, will cause a 
deflection of 3"T72 at a station .three miles from its longer side, and about one-third 


from one end of it and two-thirds from the other end. 


Colonel Evbueht himself enters 


into on elaborate calculation in his earlier quarto volume (of 1B30) to find the local 
attraction at the Station Talcal K’hcm, which had boon previously fix<d upon us one of 
the principal stations of the Great Arc; but was afterwards abandoned, notwithstanding 
all the time and labour which had been bestowed upon calculations in connexion with 
it; and that because the deflection 5"*098 was found to result from the attraction of an 
extensive table-land commencing as far as twenty miles off, and rising lo only about 
1600 feet above the level of the station. Colonel Lambton had considered the table¬ 
land to be too distant to have any effect; but calculation proved the reverse. 

16. In faot, as it appears to me, while the absolute necessity of attending to local 
attraction is strongly illustrated by the investigations I have given in this and my pre¬ 
vious Papers, the utter hopelessness of attaining to any certain results seems to be as 
clearly demonstrated. Here are causes, not only visible in mountain-mossos and table¬ 
lands and deep neighbouring oceans which affect the vertical, and which can be calcu¬ 
lated if sufficient labour be bestowed; but also invisible and hidden, as important as the 
others, of which we know absolutely nothing, except that they may exist and that we 
have.no power of proving or disproving their existence. Were it not for these disturb¬ 
ing causes, the comparison of the parts even of the same arc ought to bring out its ellip- 
tidty (if the meridian, be elliptical) with considerable precision The approximation can 
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See p dxSrii of his tftO Yolume published ia 1847. 
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be carried to any decree of exactness by the formula), llu* moasuios of tho Survey 
give almost exact results. The lengths of the arcs measured me blown to a wondciful 
degree of exactness. But the smallest disturbing causes affecting the plumb-line intro¬ 
duce an clement of doubt and uncertainty, tluougli the astronomical amplitudes, which 
vitiates the whole. This is unhappily tho case with Hie Great Indian Arc. The eirois 
brought to light in Colonel Evjsmst’b volume (of 1817), viz. 5"’230 in one portion and 

_3"*789 in another, ore too important not to l>c stiictly and numerically accounted for. 

Tho cause mml lie in the deternnuation of the vertical. The dolWtion of the plumb- 
line caused by the attraction of tho vast Mountain Region on the north will not account 
for these errors: it would make them very much larger (and would not explain the 
negative sign), as 1 showed in my Paper in 1856. No hypothesis of deficiency of mallei 
below, which we con conceive, will remove the anomaly. The disturbing cause mubt lie 
elsewhore; perhaps in the immediate neighbourhood of Kaliaupiu* and Pamargiila, 
which should be most carefully surveyed for the purpose of detecting it; or it may he 
hidden beneath tho surface, and arise from sources winch wc cannot possibly examine 
and calculate, because of our ignorance of then position and magnitude. [This will ho 
illustrated in the following paragraph.] Some would recommend that we ignore the 
above errors altogether, and put them to tho account of these uncalcululed causes. 
They would reverse the problem, and make tlio errors the measure of the disturbing 
cause. But unfortunately this will not do; for it proceed h upon tiro <mumplion that 
the meridian is elliptical, and moreover that its olliplicily is known and is equal to the 
moon ollipticity of tho whole oarlh; which is, in short, bogging the question at issue*. 


* Tho dogroo of influence which enow in tho amplitude and ollipticity may lutvo in tho mapping of the 
country may be loamt .from the following approximate calculation. 

Let A be the length of the arc, X tho amplitude, a tho sonn-aus major, /* the latitude of tho middle point, 

* the elhplicity of tho arc, m tho moan radius vodor, then ^1—. also 

I*(l+3eos2ftr)J=M|l~|«eos2/iJ ... (a) 


Suppose that tho quantities usod in this formula aro inoorroct, and that they ought to bo A.«j-dA, X+</X, 
m+dtn, «+<&; the corrections are ooxmoctod by tho following equation 


2p tit, 

A X m 2 r 

Now in the are between Kaliana and Kalianpur, A is 871 miloa ^calculated on the supposition that tho 
dfiptidty X is 1940L7, cos 2/1=0*50295. 1 shall suppose that the mm radius m is correct, and 


therefore d»n=0; 


dA dX 

■ 7—SSS 3 i i m 

X x 


0*889<fr; 


dA=±(d\-17270d«)=g^(dX~1727(Wi) miles 


4d i 


■ • 


* s ■ 


W 


m 4 formula d\ must be put = to tho defiootion in seconds, with the negative eign, for the following 
* 4 
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I proceed now to make use of the calculations of this Paper to show how some idea 
may be formed of the effect, which the possible and not improbable existence of exten¬ 
sive tracts within the mass of the earth where the density is, though perhaps very 
slightly, either greater or less than the density of those parts as required by the fluid 
theory of equilibrium. 


§ 6. General conclusions regarding the effect of a defect or excess of density in any part 

of the mass of the earth . 

17. It is quite possible that extensive tracts may exist in the interior of the earth’s 
mass throughout which the density is somewhat less or somewhat greater than the 
density which the fluid theory would require for those parts, and upon which the theo¬ 
retical dir ection of gravity is determined. I can conceive of a vast tract beneath in 
which the development of local heat had by long action expanded the material of the 
mass, and compressed it in a region beyond where no sufficient heat was developed to 
counteract this effect. Suppose this took place chiefly in a direction parallel to the 


reason. A in formula (<*.), the length of the aro betweou Kaliaua and Kalianpur, is known accurately by 
the Survey; and, values of m and a boing assumed, X is calculated by the formula. But X comes out larger 
than the observed value, the difference arising from mountain attraction. Now X-f* d\ is used in formula 
(/3.) to find how much A is affected by taking the observed, and not tlio calculated, value of X. 11 unco tfX 
must be negative. Let l he tlio number of seconds in tlio deflection; then dX^—l, mid 


~~L (l+17270d#)=l’l 



(yo 


This formula agrees with the statement of Colonel Evmjwsbt in p. clxxvii of the Preface of bis volume of 
1847; for by putting ds**Q (as ho ooloulates with the moan elliptioity), and Z=5 M 'S18 tho error he gives, 

<?A=— i miles*—88 fathoms, the error in the arc which he deduces If. then a place between Kaliana 

and Kalianpur he laid down on the map, first by reckoning from Kaliana and then from Kalianpur, tho two 
spots will not coincide, but will be separated by j^jth of a mile. Colonel Evjbbbbt avoided this by dis¬ 
tributing the error among all tho stations of tho arc, and slightly altering all tho latitudes accordingly. 
But the natural way of correcting it, os it appears to me, would have been to find an elliptioity which would, 
have reduced the error to zero, and to have forked with that and not with the mean. In doing this, it 
would also be necessary, as shown in the calculations of those Papers, to correct for mountain attraction. 

Ah & further illustration of the use of formula (y.), and to show the influence of errors on the mapping 
port of the Survey, suppose that the deflections, after all, owing to the compensating cause, make l only 

qN' 523, and that the curvature of tho arc is measured by the elliptioity j—. (which is not impossible), then 


* s= JL, and *ZA~1*1—0*01—0‘82E>=0*26, and the error in the places would bo more than a quarter 
800 400 

of a mile, and in the opposite direction. , 

If the pairs of values of, l and di taken from par. 14 are put in formula (y.) they will not reduce dA. 
to zero, because they ore mixed-up with the data of the other arc, and are not correot, as is evident from 
the calculations of this ?ap$r, as local causes of disturbonce near Kalianpur or Damargida, or both, ore not 
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surface, so as to raise no considerable mountain mass. The effect on the plumb-line at 
a station over the place whore the expanded and compressed portions meet would never- 

thelcss be considerable. _ 

I will proceed to calculate (he effect on the plumb-line of a largo given space (the* 

space I use is 4 millions of cubic miles, i. e. half a cube of 200 miles each way, the 
thickness being 100 miles and always vertical), situated at different depths and distances 
from the station where the plumb-line is, and of a density equal to iJ 0 th part ol the 
density of tbe part of the earth where its middle point lies. 

Let A/(fig. S) be the meridian through A. Draw upon it five four-sided figures * 
bounded by parts of groat circles diverging from A, and also by circles of which A is 
the centre: and lot their dimensions lx* so chosen, that the meridian length ol each is 
200 miles (=2° 52' 40") and the area of each equals a square of 200 miles each way. 11 
will result from this, that the angular distances of the sides of the spaces from A will be 
4°, 0° 68', 9° 4G', 12° 88', 15° 31', 18° 23'. By ^ 3 , 

comparing these with the angular distances of 




the “compartments” by which I havo before 

divided the meridian, it will be seon that the 1—jl 

five “ spaces ” comprise the following whole 

and fractional parts of llio 16 compartments 


/*_- 


V 


Space ab indudos J of L8th, whole of 19th to 23rd, \ of 24th compartment. 

Space bo includes { of 24th, whole of 25th and 20th, 18 of 27tli compartment 

Space cd includes Va of 27th, whole of 28th and 29th, of 80th compartment. 

Space do includes of 30th, whole of 81st ,8 of 32nd compartment 

Space of includes g of 32nd.? of 33rd compartment. 

The angular distances of the middle points of the five spaces from A are 5° 20', 8° 19', 
11° 12', 14° 4', 1G° 57': and lliorefore the chords of these anglos (rad.=4000 miles), or 
the values of o for the middles of the five spaces, are 

879, 681, 781, 980, 1178 miles. 

The angles of tho lunes of which the five spaces ore portions are found from the 
expression 

P""2irr*8inl 7 26'20*'*sih(angular distance of middle pomt from A)* 

The results are (3=80° 7', 19° 42', 14° 41', 11° 46', 9° 47'. 

18. Suppose now that each of the five spaces is ooverod by a mass one mile in uniform 
height; and that in each case this mass is then distributed uniformly to the three depths 
in succession, 100, 300, and 600 miles, as represented in fig. 4, which is a vertical sec¬ 
tion. I propose to find the deflection caused at A by the mass under those several 
circumstances. For this purpose wo must use formula (8.) of paragraph 10. The calculi* 
tapn is much simplified, as h is always the same, and =1, and Az=0, Tho values of 
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Fig. 4. 



log ^1 //, 1392 sin - /3^ for the five spaces are as in the margin. The values 

of ^ belonging to each space must next be gathered out from the first, 
second, and third of the Tables of Reduction (see pages 754, 756), which 

give the values of log The natural numbers are formed into the i’ol- 


1-4713930 ! 

1- 3897733 
1*1620924 i 
1-0661096 

2- 986G67H ! 


lowing Table, which gives the values of | for such of the compartments (from the LBtli 


No. of 

enmpnrtmeul. 

Values of ~ gathered from the let, 
Tables oflloductlnn (in pur. 12) for fo 

100 iuUob. | 300 miles. 

2nd, and 3rd of 
llowing depths i— 

BOD miles. 

18 

0-95149 

0*69153 

0-49300 

19 

0*96131 

0-72759 

0-53054 

30 

0*97039 

0-76186 

0-56876 

21 

0-97676 , 

0-79471 

0-60814 

22 

0-98273 

0-82502 

0*64731 

23 

1 0-98770 

0-85274 

0-68590 

24 

0-99214 

0-87821 

0*78411 

25 

0-99523 

0-89932 

0-75808 

26 

0-99838 

0-92092 

0*79633 

27 

1-00081 

0-93861 

0-83803 

28 

1-00286 

0*95403 

0-85826 

29 

1-00456 

0*96739 

0-88604 

30 

1-00597 

0-97892 

0-91125 

31 

1-00714 

0-98877 

0*93380 

32 

1-00814 

0-99738 

0*95432 

33 

1-00896 

1*00457 

0*97218 


to the 33rd) as are comprised in the five spaces. We must now apportion those values 
of | to the several spaces to which they appertain, take their sum, and multiply by 

i 

1"'1892 sm|/3, mad we shall have the Deflections produced by the mass of one mile high 

and on a base equal to a square of 200 miles each way, when diffused downwards to the 

several depths of 100, 300* and 500 miles. The following Table will explain itself:— 

vl \ A 
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Table, giving the Deflections caused by a Mass, which at the surface is 1 mile high and 
40,000 square miles m base, diffused downwaids to the following depths; viz.— 


No of 
compart- ' 
meni. 

Compartments, in 
vrfaolo or in put, com- 
piued in the spaces 

100 miles. 

200 miles 
(by intm- 
polation) 

300 imles 

400 miles 
(by mki- 
polaliun). 

500 mild 

18 1 

ialf 


0*47574 


0*34576 


0*84650 

19 ' 

rbole 







20 v 

SI ' 

rholc 
eholo > 

space db . 

4*87879 


3*96198 


3*04065 

SS ' 

rhole 






S3 i 

vhole 






018103 

S4 J 

J 


0*84803 


0*81955 

* 




5*60856 


4*58783 


3 46818 




logs 0*7483865 


log=0*0558386 


logsO'ft 101015 




1*4718930 


1*4718930 


1*47129*30 




0*8196795 


0*1871858 

l"*183 

0*0113945 




Deflcct.=1^*658 

l ,f *499 

l"-340 

1"*027 

S4 

tills 1 


0*74411 


0*65866 


0*54308 

SB i 
S6 i 

vhole ( 
vhole ( 

►space be 

1*99361 


1*88084 


1*55341 

S7 j 

4 ths J 


0*98383 


0*86641 


0*76434 




3*66155 


3*34531 


8*86083 




og=0*5630649 


log=0*5 244361 


logs 0*4561920 




1*8897788 


1*8807788 


1*8897722 

• 



1*8534371 


1*8148086 

0''*G14 

1*7462642 




0 f, *714 

0 ,f *G89 

0"*CB8 

0"*B58 

»7 

•jJjtU " 

whole 

whole 


0*07698 


HDS9239I 


| II 

58 

59 

>spaoo0d,t. 

8*00748 


1*98141 


1*74430 

30 

foOw. 




0*58736 


0*64675 




8*68798 


8*58096 


8*35474 




logs 0*4894860 


log=0*411781S 


logss 0*371!) 130 




f* 1625984 


1*1685984 


1*1685984 




1*5980184 


1*5743736 

0"*363 

1*5345364 




o"*39i 

0 f, *384 

0"*376 

0"*348 

30 

A1 

1 

0*40839 


0*39157 


0*36450 

31 

Sspaoe de ... 

1*00714 


0*98877 


■m 

3S 


0*40386 


0*39895 


0*38173 




1*81879 


1*77989 


1*68003 




loges 0*8583474 


logs 0*8508467 


logaw 0*8253170 




1*0661096 


1*0661096 

* 

1*0661096 




1*3844670 


1*3163563 


1*8914866 




0 ,f *818 

0 ,, *810 

0"*807 

0"*80» 

0^196 

82 


0*60488 


0*59843 


0*57859 

83 

0*43841 


0*43053 

. ... m. 


0*41665 




1*08789 


1*08896 


0*98924 




log *=0*0159000 


logas0*0183981! 

» 

log5=1*9963017 




8*9866678 


8*9866678 


8*9866678 




1*0086678 


1*9990668 


8*9819696 




0"*101 

0"*100 

0"*099 

Q"*098 

0"*0$6 
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19. This Table famishes the following results:— 


Deflections, caused by the mass distributed 
downwards through a depth of ... 100 miles 

Ditto . 200 miles 

Ditto . 300 miles 

Ditto . 400 miles 

Ditto . 500 miles 

Distance of middle point from A, along tho chord. 

379 mdea. 

681 miles. 

781 miles. 

OHO uilles. 

1173 miles. 

1-668 

1-499 

1-340 

1-183 

1-027 

0-714 

0-680 

0-632 

0-614 

0-358 

0 391 
0-384 
0-375 
0-363 
0-342 

0*212 

0*210 

0-207 

0-203 

0-196 

0-101 

0-100 

0-099 

0-098 

0-096 


Multiply these successive lines of numbers by 1, 2, 3, 4, 5, and wo shall have the 
Deflections caused by masses having the same volumes as above, but ail having the same 
density, viz. that of the first, i. e* -j-J-jth part of the density of the materials of the stii- 
face. The numbers then become— 


1-658 

0-714 

6-391 

6-212 

0-101 

2-998 

1-878 

0-768 

0-420 

0-200 

4-020 

1-966 

1-126 

0-621 

0-297 

4-732 

2-466 

1-462 

0-812 

0-392 

5-135 

2-790 

1-710 

0-080 

0-480 


Now subtract each line from the line below it, and substitute the four lines thus formed 
for the last four above, and wo have— 





Distance of die middle fmm A, lunasurml along tlsr chord, j 

Deflections, caused by a semi-cubic mass, 200 
miles in each horizontal sido, and 100 miles 

370 miles. 

381 miles. 

781 miles. 

M- Ifr 

080 mites. 

1173 uilleib 

deep, density of the density of the sur¬ 
face, and the depth of Its centre = SO miles 

Ditto .. 100 miles 

Ditto .. 250 miles 

Ditto .. 300 miles 

Ditto . 450 miles 

1*608 

1*340 

1*022 

0*732 

0*408 

8*734 

0*664 

0*078 

0*003 

0*334 

I I II --«■ 

0*391 
0*377 
0*307 
0-327 j 
0*208 

0*212 

0*208 

0*201 

0*191 

0*168 

W*- wi-i W* ■ l-*> -w*- 

0*101 

0*090 

0*097 

0-090 

0*068 


The several volumes, the lower down they ore, will, owing to the converging of the 
vertical lines, be somewhat contracted, and the densities slightly increased in a corre¬ 
sponding degree. If we suppose, therefore, tho spaces to ho correspondingly enlarged 
in the horizontal direction the volumes will be all tho same, and the densities all the* 
same; viz. xfcth part of the density of the surface, or of granite, But in order to 
compare them with the densities of those parts of the earth’s interior where they are 
situated, We should increase their densities in proportion; and this will increase the 
deflection in a corresponding degree. The following is the usual law of density assumed 
from the fluid theory, jD being the density of tho surface, T as radius of the earth i— 


Density at depth d miles =s^ 
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Ratio of density at depth 50 milos to D — 1’170 

Ratio of density at depth 150 miles to D = 1*210 

Ratio of density at depth 250 miles to D == 1*368 

Ratio of density at depth 350 miles to D = 1*498 

Ratio of density at depth 450 miles to D = 1 '0 lb 

20. Multiply the lines in the last series of Deflections hy these numbers, and we ha\e 
our final results, as follows 

Table of Deflections, caused by an excess or defect of matter throughout a semi-cubic 
space of 4 millions of cubic miles, the mean density of tho excess or defect being 
T^th part of the density of the earth at tho depth of the centre of the cubic space. 

• Distance of tho middle point of tho bpaco flow A, measuied along the chord to 
Depth of the centre thobtnfoce. 

bemi-cubic apace. m mfle8> B81 781 mlleb. 9H0 miles. 1173 mile*. 

50 miles 1*940 0*835 0*457 0*248 0*118 

160 miles 1*621 0*803 0*456 0*252 0*120 

250 miles 1*383 0*783 0*483 0*272 0*131 

350 miles 1*067 0*74‘> 0*490 0*386 0*142 

460 miles 0*663 0*713 0*425 0*377 0*146 

’Hie effect of this calculation is to show how much uncertainty must always attend 
the exact determination of tho trao vortical, a thing which is absolutely essential in the* 
calculation of the curvature of the several portions of the earth’s surface. It will 1 m* 
observed that the supposed defect or excess of density has bo<*n assumed to bo onl> 
T^yth part of the density of the earth where the hidden cause may lit*. But a much 
larger fraction might have been chosen. Rocks at the surface of tho earth, even of the 
same kind, diff er considerably in their density according to the specimens examined. 
The following are examples:— 

Basalt varies through $ths of its menu density. 

Chalk varies through Ath of its mean density. 

Coal varies through -Jth of its moan density. 

Dolomite varies through Jth of its moon densiiy, 

Felspar varies through ^ths of its moan density. 

Granite varies through Jth of its mean density. 

Gypsum varies through Jth of its mean density. 

Hornblende varies through Jth of its mean density. 

HomstQne varies through -jfoth of its mean density. 

Limestone varies through Jths of its moan density. 

These ahow how probable it is that the several portions of tho earth’s interior, although 
preserving wmghly the goneral average of density, according to their position, as required 
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by the fluid theory, may nevertheless vary sufficiently to disturb the position of the 
plumb-line most materially. The space X have selected as the basis of my calculation 
is no doubt extensive; but I hardly think too extensive. I have seen the same kind of 
rock (gneiss) prevail for hundreds of miles in the Himmalaya Mountains; and can see no 
reason why a space as large as X have chosen, 200 miles square parallel to the surface 
and 100 miles deep, may not exist beneath the surface, having a density, too, differing 
much more than y^pth. part from the proper density of its locality. 

§ 7. Appendix, containing a revise of same parts of my former Paper. 

21. The results of this Paper may appear in some respects to render the calculations 
of my former co mmuni cation now unnecessary, as it is here shown that it is not 
improbable that a compensating cause exists sufficient to counteract the effect of the 
Mountain Mass, at any rate to a considerable degree. But it must be observed that 
the demonstration of the sufficiency of this cause, should it exist in nature, rests 
altogether upon the process of dissection of the mass and the calculations consequent 
thereon, given at large in that Paper. The conclusions also in the present communi¬ 
cation regar ding the effect of wide-spread, though minute, defect or excess of density 
below, rest upon those former calculations. I have thought it well, therefore, to take 
this opport uni ty of revising some parts into which errors have crept, as intimated in the 
Note to par. 1. 

22. The corrections of the Deflections in meridian, produced by the Mountain Mows 
as it exists on the surface, at the three principal stations, have already been given. 
They are but trifling. I have, since completing this new calculation, gone over the 
former one and detected the sevoral minute errors, so as to account for every figure of 
discrepancy*. This is highly satisfactory, especially when the troublesomeness of the 
calculation is considered. 


♦ The errors have crept in among the calculations at the foot of the Six Tables of my former Paper 
(pp. 78-88). The details ore as follows. The values of H sin cos As. as there given, and the noces- 


sary corrections, are as below: — 

Lune I. Luna II. Lons III. Lone IV. tone V. 

For Station A. (miles) 0*773 8*856 4*282 2*802 0*005 

Errors. . +0*001 —0*001 

8*009 8*088 8*805 2*408 0*285 

-'*■ Errors... +0*078 +0*001 . +0*001 +0*027 

Totals. 

For Stefan 3. . 0*015 1*600 1*211 

Errors. —0*048 —0*001 

1 ’ 0*874 2*586 2*648 I'SIS 0*011 

Errors ...+0*001 . +0*020 +0*001 +0*004 ! 

24*550 miles. 

‘ 

{ 

i 

* 

i 

1 

Fo r Station C. .’,.,....,1*178 * 

Errors... -OOitf ‘ ,' - ' ' . 

" ^ 1*078 ' 2*108 V, 1 " : ' 

Errors . . +'01018 r ' f : 

10*875 miles. 

* 


5*000 miles. 


These three final quantities are precisely the same as at Ike foot of the Table in page 788. 
toCOOHX. L 6 X 
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In my former Paper I brought out the Deflections 27"*853, L1"*9G8, G"*909 
The correct values are now shown to be . . . . 27"*978, 12"'047, G" , 790 

Determination of the Mass of the whole Mowntmwregion of the Enclosed Space. 

28. Tho calculation on this subject needs also revision. The direct way of deter¬ 
mining the volume of this mass is to find its average height and multiply it by the area 
of the Enclosed Spaco. First, then, 1 will find this arm By examining the diagram 
in par. 6 (fig. 1), it will be seen that by roarranging some of the portions furthest Doin 
A tho area of tho Endosod Space is equivalent to tho port of a lune about 132 1 wide and 
stretching from A to the end of the 35th compartment, tho angular distance of which 
is 21° 24'. Hence, by a known trigonometrical formula,— 

Area of Enclosed Space = area of this portion of the lune 

= li§ ,r (l— cos21 - 0 24')^=2,559,102 square miles. 

24. Wo must now find the average height of tho mass standing on this space. This is 
not at first sight on easy mattor. Wo cannot obtain it by taking the average of tho heights 
given in the Table of Heights in page 750, because tho bases on which these heights 
stand are of such unequal extents, that on undue advantage would be given to those 
which stand upon tho smaller bases. In my former Paper 1 overcame the difficulty by 
finding how much I must cut down tho mass in order to reduce the attraction to zero; 
this quantity I considered to be the avorogo height. It is obvious, that, as a general 
rule, this would not be true. It so happens, however, that for a mass shaped tw the 
moss under considoration is, it is true. This 1 did not show in my funner Paper, 
although I made use of tho property. I propose now to supply the deficiency. 'Ihc 
method I shall pursue is this. I take a geometrical figure which sufficiently well 
represents the actual mass in general form, but oue of winch the attraction upou A can 
be accurately calculated. I then show, in tho case of tliis figuie, tluit the average 
height obtained in the direct way by geometry, and also by the method of attractions, 
is tho same. I infer, therefore, that it is so in the cose of the actual mountain uuu*. 
Tho reason of this coinddonco it is not difficult to soo. Tho highest part of the mow 
is much nearer to A than tho middle of tho mass is. Suppose tho highest parts had 
been about tho centre; then in levelling theso down so as to form the table-land which 
would have the average height, equal portions would have to he brought to equal 
distanoes from the middle towards A and opposito to A. Tho latter transfer would add 
more to the attraction than the other would detract from it; and therefore the avoiage 
volume would not be the average mass moasured by the attraction. But as tho higher 
parts of our mass are much nearer A than the centre, it is obvious that an exact com¬ 
pensation is possible. Tho calculation shows that it is real. 

25* The accompanying diagram (fig. 5) represents the geometrical figure I have alluded 
to, It is drawn upon a scale, exoept that tho vertical heights are exaggerated sixty times. 
A is the D tho point north-north-east where the mass begins, and thonco 
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shelves up in a pyramidal form to the ridge IJ, 2000 miles long and 210 miles from A, 
and rising to an elevation above A of 1-5 mile; whence it shelves down again to QH, 


Pig, 6. 



1200 miles further off, where it abruptly terminates at a height of half a mile above the 
level of A. That this is a fair representative of the mass with reference to its effect on 
A, will be seen in the course of the investigation in tliis,—that its area, its volume, and 
its attraction on A, as well as its principal heights, are all the same as in the case in 
nature. The following arc the measures: AP or a=210 miles; PE or c=1000 miles; 
Fit or <?=1200 miles; BP or 5=160 miles; EX or fa* 1*6 mile; GL or #=0*6 mile. 

The area of the base of this figure =2000(1200+76)=2,650,000 square miles. The 
volume =iP+#)2000 X 1200+^ X 2000 X 160=2,660,000 cubic miles. The average 

. . .. 4(A+#)2000kl200+fAx2000x75_ n 

height of the whole figure — 26 d 5 xl 20 d+ 2000 x ?6 10011 

It is not diffi cult to prove by the Integral Calculus, that the Attraction of this mass 
on A in the direction AD, its density being half the mean density of the earth, 



where Btal+jr 

Also the attraction of a tabular moss on the same ,base and of height h 



612 - 
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Putting the numerical values in theso formula*, we obtain 

A=17*175, v^l^= 17 ' 204 > 13=1*011; 

and the final results are as follows:— 

Attraction on A=0*0001667 ^= tan (3 

Hence the Deflection of the plumb-line=32", or, in the direction of the meridian, 
=32" cos 30°=27"*7, 30° being about the azimuth of the line along which the whole 
attraction on A acts (see my former Paper). This deflection very nearly coincides with 
the deflection calculated in this Paper, which gives a further testimony that the actual 
mass, in reference to its effect on A, is fairly represented by our geometrical liguie. 

The last formula gives, Attraction of tabular mass ou the same base = 0*0001503 (j . k. 
That this may be the same as the attraction of the geometrical figure, wo must have 

0*0001663#=0-0001557, or *=0-9<JG mile. 

But I have already shown that the avorago height of the geometrical figure is one mile, 
and is therefore almost exactly the same as this deduced from attraction. Hence the 
principle of determining the average height in this manner, in the case of a mass formed 
like the Himmalayas and the Mountain region beyond, is correct; and 1 shall proceed 
to use it to determine the average height more precisely. 

26. If all the numbers in the five columns which appertain to Station A in the Table 
t of Heights (page 760) wore replaced by 1000, and the process were gone through by which 
the first column (that for A) in the Table of page 763 is formed, wo should have the 
meridian deflection caused by a tabular mass standing on the enclosed space and 1000 
foot in hoight above the level of A. This process loads to the following result. As the 
five numbers in each lino of the Tabic from loft to right are to bo multiplied by the 
same five numbers, viz. by 0*1852, 0*2688, 0*2241, 0*1294, 0*0151, wo may add up the 
columns first and then afterwards multiply the aggregates by these* constants. 


The aggregates are... . 

27,000 

82,000 

80,000 

40,000 

32,000 

feet. 

Multiply these by .... 

0-1852 

0*2688 

0-2241 

0-1294 

0-0151 


The products are ... . 

5000-4 

8281*0 

8007-0 

6170-0 

483-2 

feet. 

The same reduced to miles . 

0-947 

1*608 

1-517 

0-080 

0-002 

mile, 

The grand total =6*104 miles, 

, and multiplied by 

l n 'i:i92= 

i<5"-8l4. 



This is the meridian deflection 

at A caused by a mass 1000 

foot lugli. 




Hence the average height of the whole mass 


_J7^78XW00_ 4812 fcot _ 0 . 911 milc . 

And the volume of the whole mass =axca of Enclosed Space X average hoight 

=2,560,000 x 0*911=2,323,060 cubic miles* 

Also the mass, taking tho density f equal to half the meau density of the earth, 

^ of the Earth =* 280,895 
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27. As I have not again calculated in this Paper the total deflections of the plumb-line 
at the three stations A, B, C, but only the meridian deflections, I cannot revise the posi¬ 
tions of the three points where the whole mass must be collected that it may produce 
the same effects as in nature. This is of no importance. The principle devised for 
interpolating the deflection at any intermediate station between A and C, by means of 
the property of a curve, still holds good: and the amount of meridian deflection may 

be represented nearly by the expression ^ &nd L being the latitudes of Kaliana 

and of the intermediate station on the arc between its extremities whore the deflection 
is sought. It makes the deflection at the southern extremity about one-fifteenth too 
large; but at the northern and middle principal stations it gives it correctly*. 

28. In the last page of my former Paper I compare the curvature of the Indian Arc- 
under several hypotheses by means of the formula, 

Height of the middle point of an arc of which the amplitude is X, above the chord of 
the arc, 

s=i^A*(l—cos 2 ^ j, 

ft being the latitude of the middle point, a the radius of the earth, and X sufficiently 
s mall to allow X 4 to be neglected. This formula is correct. But 1 should not have loft 
it in terms of X, the amplitude, but of #, the length of the arc; since X is not the same, 
whorcas s is, in the three cases to which the formula is applied. This change will make 
the height above the chord 

cos 2^ J =r20(14*1*63 2«) miles, 

which is the same as before* except in the .sign of«. The consequence of this is, that the 
arc is flatter when attraction is taken account of, and is more curved when it is neglected, 
than the mean curvature. 


* robe law of the inverse chord will naturally deviate from the truth, and give too large a value, as we 
recede from the Hunmalayas, for the following reason. The Himmalayan Mass has been shown to produce 
the same effect as a comparatively slender uniform prism of great length running nearly east and west. 
Now the attraction of such a prism on a point opposite to its middle, equals its mass divided by the product 
of the point’s distances from the middle and from either extremity of the prism. Hence when the distance 
from the middle, compared with the prism’s length, is small, the attraction will vary most nearly on the 
inverse distance; hut as the distance increases, the law evidently tends towards that of the inverse tqvare, 
which it ultimately attains when the distance is very great oompared with the length of the prism. This 
s ufficient ly accounts for the actual deflection at Damargida being somewhat smaller than that given by the 
formula, and^tends therefore to confirm the general calculation. 


Calcutta, September 1, 1858. 

i- ** i 
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AmiDEACON PUATT ON THE DEFLECTION 
Eucoivod February 21,1850. 


Postscript on Ilimrmlayan Attraction. 

1. Since transmitting in Soptomber last my Paper tc On the Deflection of the Plumb- 
line in India caused by the Attraction of the Himmalaya Mountains,” &c., I have had the 
advantage of seeing the pages of a very interesting and valuable work by Major 
B. Steaoieby, now passing through the press, upon die Physical Geogmphy of the 
Himmalayas; and being allowed to mako use of them, 1 gladly avail myself of the im¬ 
portant information thoy contain to add a Postscript to my former communications. 

2. The new information now obtained gives a view of the regions which lie beyond 
the Himmalayan crest, differing in some respects from that which 1 gathered from the 
sources of scanty data which I have hitherto been able to consult. The results of Major 
Stbachuy's investigations, combined with those of his brother Captain 11. jStraoiiky, are 
represented in the following diagram. A, B, and C (as in my former Papers) are the 


Fig. G. 



three pidncip^jjttfdons of the northern portion of the Indian Arc of Meridian. Kalian 
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(29° 30' 48" lat.), Kalianpur (24° T 11"), and Damargida (18° 3' 16"). The parts of the 
diagram left white in the neighbourhood* of the range are the plains; the lightly 
shaded parts are the mountain slopes, with very varied surface, by degrees attaining the 
height of the celebrated plateau from which the Indus and the Brahmaputra take their 
rise and flow towards the Ocean on different sides of India; the darkly shaded parts are 
this plateau or table-land. 

4< The loftiest points known on the surface of the earth are to be found along the 
southern border of the Table-land among the mountains of the Himmalayan Slope; one 
of them having been measured the height of which exceeds 28,000 feet, while peaks of 
20,000 feet abound along the entire chain. The plains of India which skirt the foot of 
its southern face for an extent of 1600 miles, nowhere have an elevation exceeding 
1200 feet above the sea, the average being much less; and we have every reason to 
suppose that the northern plateau of Yaakend and IChotan, like the country around 
Bukhara, lies at a very small elevation, probably not more than 1000 or 2000 feet above 
the sea, while the surface, as we know, descends on the borders of the Caspian to 80 feet 
below that level” (pp. 4, 6). Major Steachbt thinks that “none of the numerous 
ranges co mmonly marked on our maps of Tibet have any special definite existence as 
mountain chains, apart from the general mass of the Table-land, and that this country 
should not be co nsi dered to lie as if in the interval between the two so-called chains 
of the Himmalaya and Kouenlun, but that it is in reality the summit of a groat protu¬ 
berance above the general level of the earth’s surface, of which the supposed Kouenlun 
and Himmalay a are nothing moro than the north and south faces, while the other ranges 
are but corrugations of the table-land more or less strongly marked” (pp. 6, 0). Ihe 
two rivers, Indns and Brahmaputra, M maintain a course along the length of the summit 
of the Table-land, and receive, as they proceed, the drainage of its entire breadth; with 
the exception, first, ,of an occasional strip along its southern edge, from which the water 
passes ofl more or less directly to the north through the Himmalaya; and, secondly, of 
some parts chiefly found in the northern half of the Table-land, from which the water has 
no escape, but is collected in lakes in depressions on its very summit. The waters thus 
accumulated in those two streams are at length discharged by two openings in the 
Himmalaya Slope through the plains of Hindostan into the Indian Ocean*. None of the 
drainage of the table-land, so far as we know, passes in the opposite direction through 
the northern slope; and the area that discharges itself southward at points intermediate 
between the debouche of the Indus and Brahmaputra is, with one exception, that of the 
Sutlej, comparatively insignifi cant The waters of the northern slope itself exclusively 
flow down to the plains of Yarkand; while in like maimer those of the southern slope, 
with the drainage of the exceptional area along the southern border of the tableland 
ruiming off to the south, traverse the Himmalaya more or less directly, and .constitute 
such riyers as theJumna, Ganges Proper, dec,, and other main tributaries of the Indus, 
Ganges, and Brahmaputra” (pp. 82, 53). 1 

* Down towards B O bat j0 so to affect my results. 

*■ } « 

j -t t - *- 
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Major Stbaohet, after his toother, calk the northern boundary of the table-land the 
Turkish Watershed, and the southern tko Ilimmalayan Watershed (p. 33). 

« xfce a verago olcvation of tho crest of the Indian watershed most probably exceeds 
18,000 feet. In a comparatively few promts only its continuity is broken, and it allows 
tho passago of rivers that rise on its northern flank; but at all other points its summit 
must he crossed in entering Tibet from tho south. The parses over it aro frequently 
more than 18,000 feet above the sea; and, except where it is broken through, 1 know 
of no point to the cast of •R'ni.limir where it can be sunuonuted under 10,400 feet” 

(p. 51). 

“ The summit of ilic table-land, though deeply corrugated with valleys uud moun¬ 
tains in dotail, is in its gonoral rolief laid out horizontally, at a height little inferior to 
that of its southern scarp ” (p. 52). 

The plain along tho upper course of the Sutlej “ lies immediately to the north of the 
British provinces of Kumaon and Ourhwal, and is about 120 miles in length, its breadth 
varying from 15 to 60 miles. Its surface, to the eyo a perfect flat, varies in elevation 
from 16,000 feet along its outer edges on tho south-west and north-caM, to about 15,000 
feet in its more central parts, whore it is out through by the river Sutlej which flows at 
the bottom of a stupendous ravine, furrowed out of the alluvial matter of which the 1 
plain is composed to a depth of 2000 or 3000 feet, and at its west end even more” (p. 53). 
This will account for the statement on the Survey Map (as noticed at p. 75 of my Paper 
of 1855), at tho point whore tho Sutlej leaves tho table-land, that tho height of its bed 
is only 10,792 feet. This X havo taken in my former calculation ns tho greatest height of 
any of the compartments into which I divide tho surface; this, therefore, the researches 
of Major Stbachby show to bo much under the mark. 

On a careful consideration of all the data, Captain II. Smoxnsv estimates the mean 
elevation of the table-land between the Ilimmalayan and Turkish watersheds, and to the 
west of the ridge botween the sources of tho Indus and Brahmaputra, to bo 15,000 feet 
(p. 56). 

S. A comparison of Major Sthaciley’s map, copied in part in tho diagram above, with 
the diagram I have given in formor Papers of tho 46 Enclosed Space*,” will show that 
much attracting mattcT which, from Humboldt’s account, I supx>osod to exist, in Major 
Stbaohsh’s description does not appear, at any rate not in so important a degree, JLost, 
therefore, it should be thought that, my data being in some respects wrong, my results 
are altogether vitiated, I have examined the eflfoct of these now measures, and I find 
that the increased height given to the plateau compensates for the removal of any 
attracting mass higher north which I had supposed to exist 

4. I do not intend to enter anew into a lengthened calculation of the deflection of 
the plumb-line, with a view, as before, to obtain an exact result, because my object will 
be equally answered by taking a simpler course. My object in those various communi¬ 
cations has been, first, to give an easy method of determining the amount of attraction 

* Philosophical Transactions, I860, p. 70, 
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and deflection, when the heights are known—this has been done in the Paper of 1855; 
secondly, to point out, from such trustworthy data as I could procure, that the amount 
of deflection is so great as to- render it absolutely necessary to allow for it in finding the 
astronomical amplitude for geodetic operations; and, lastly, to suggest that such surveys 
and calculations should be made as to make it possible to determine the amount with a 
sufficient degree of precision. 

The only calculation I propose now to make, is to show that the deflection caused by 
this Table-land alone, as laid down by Major Strachey, produces an error double the 
error brought to light by the Survey, in which mountain attraction is neghjeted and the 
elliptidty of the Indian arc is assumed to be the mean ellipticity of the whole earth. 
Much greater, then, will be the discrepancy, as I might easily show were it worth while, 
when the attraction of all the slopes—especially the parts nearest to A—is added. 

5. Through A I have drawn a straight line AD, and have marked off certain divisions 
which indicate the Law of Dissection according to which the attracting mass is to be 
divided. From A several fainter lines are drawn dividing the attracting mass into lunes 
of 30° width: the dark lines bisect these lunes, one of them being in the meridian of A. 
Now if through the points of division of AD circles be drawn about A, they and the 
lunes will divide the surface into a number of four-sided compartments, like EF and rf: 
and the law of this dissection is so chosen, that if the height of the attracting matter on 
EF and e/werc the same, the attraction of these two partial masses on A along the dark 
mid-line of the lunc would be the same: this may also be expressed by saying, that the 
attraction of the mass on any compartment thus formed is proportional to the height of 
that mass. In a former Paper the following formula has been proved 

Meridian deflection of plumb-line at A, causod by the attraction of a mass of height h 
miles standing on any compartment, ■ 

h sin 15° x 1 ;/ T39 cos azimuth of mid-line of the lune. 

d. I propose now to apply this formula to find the deflections caused at the throe 
stations by the attraction of the Table-land alone. The height of the Table-land above 
Kaliana I will take to be 2j- miles,; that is, about 14,000 feet, or 15,000 feet above the 
sea. Then the above coefficient becomes 2$X "2688 X 1H89=0"*786; and 

Mend. Deflection W50 w *786 cps azimuth. 

'The calculation is rendered easy by the heights of all the compartments being the 
same; and the only difficulty is in finding how many compartments in each lune lie on 
the Table-land. This is done in the following manner:—A strip of paper is laid on the 
diagram along AD, and the divisions of AD marked upon it This scale is then laid 
along the mid-line of each lune, and the number of divisions (and therefore the number 
of the compartments) which fall on the Table-land in that lune easily read off* In some 
instances,the Table-l^nd ( only partially fills a compartment; in that case compensation is 
made by diminishing the numberofthe compartments; in the ratio of the deficiency to 
the whole space of the compWtinent* This is indicated in the following Table by an 

MD000IJX ' ■ t ' 
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asterisk. Lime V. is omitted in station A because it can have but very little effect in 
the meridian at A. 


■ 

Station A. 

Lancs 1. II. HI. IV. 

Station B. 

Luiies II. III< IV. 

Station C. 

Luncs II. HI. 

No. of compartments on Table-land... 
On* azimuth . . . 

8* or 4 8 9 13 

•866 1 *866 *6 

3-464 8 7*794 6 

5 5 10* or 7*5 

1 *866 *5 

5 4*33 3*76 

13*08 

10"*28 

2 5* or 4 

1 *866 

2 3*464 

No. of equivalent compartments if 1 
placed in the meridian ..J 

Sums of throe*... 

5*464 

4 ,, *29 

25*268 

10"’85 

Multiply by 0"*786 and the Deflec-1 
tions are.../ 


Hence the eirors produced in the astronomical amplitudes will be 9"-57 and 5"*99; 
which much exceed the errors 5"-236 and -3"-7 91 brought to light by the Survey, and 
will far more so when the attraction of the nearer parts is also taken into account. 

7. The new information regarding the nature of the country immediately north of the 
Himmalayas, does not, it thus appears, relieve this subject of its difficulties; and no geo¬ 
detic calculations can be of service in tlie problem of the Figure of the Earth, nor 
indeed in mapping the country with extreme precision, till these perplexities are 
removed, hy the deflection being found and allowed for. 


' Calcutta^ January 14,1859. 
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XXX. On the Influence of the Ocean on the Plumb-line in India. By the YenerdbU J . II. 

Pbatt, M.A ., Archdeacon of Calcutta. Qomwiwnicated by Professor Stokes, Sec. B.S. 

Received December 7,1868, —Bead January C, 1869. 

§ 1. Preliminary remarks. 

1. The present paper is a sequel to two former communications to the Society on the 
effect of Mountain Attraction on the Plumb-line in India. In the first of these (com¬ 
municated in 1856) the deflection of the plumb-line caused by the Mountain Mass north 
of Hindostan is calculated; and in the second (forwarded during the present year) the 
effect of a small excess or defect of density prevailing through extensive tracts of the 
earth’s mass is found; with a view to determine whether any compensating cause can 
possibly exis t below, to counteract the largo amount of deflection caused by the super¬ 
ficial mass lying above the searlevel. A survey of the causes of disturbance of the 
plumb-line cannot be complete without taking into consideration the influence of the 
ocean. To approximate to this is tho object of the present Paper. 

2. The geographical position of Hindostan is somewhat remarkable, lho highest 
mountain-ground in tho world lies to the north of it; and an unbroken expanse of ocean 
extends from its shores down to the neighbourhood of tho south pole. The excess of 
matter presented by the first causes a deflection of the plumb-line towards tho north, 
decreasing in amount as we travel southwards. The deficiency of matter arising from 
the second causes a deflection of the plumb-line also towards the north, but decreasing 
in amount as we travel northwards. The consequence is, that while these two causes 
conspire to increase the deflection at the different stations, their combined action tends 
to reduce in amount the errors the mountain attraction causes in the amplitudos. 
But the attraction of the mountains northwards, and the deficiency of attraction of the 
ocean southwards, which last is in fact equivalent to a repulsive force northwards, com¬ 
bine to produoe another effect upon the measures of the Survey besides the deflection 
of the plumb-line, an effect of some importance. They have a sensible influence in 
/dumping the searlevel, so as to make the level of Karachi—to which a great longitudinal 
chain of triangles is brought down from Kalianpur in the centre of India—many feet 
hi gher t ha n the level at Punn.ce, near Cape Comorin, the south extremity of the Great 
Arc of meridian* 

3. If the density of .the sea were the same as that of the superficial stratum of rock, 
there would, be nodisfcurbing force. The deficiency of matter arising from the smaller 
density of the ocean, produces, therefore, a northerly repulsive force exactly equal to the 
attraction of a mass of* the same form ,4|^sfi^irfioiaL extent and depth, but having a 

density equal to the excess of the den®^ tit imt over that of sea-water. , 

1 * 1 - 
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§ 2. ITijpothebis regarding the form of the hoi tom of the ,s (ft. 

4. To calculate this force, it is necessaiy, iu our ignorance of the fmm of the bottom 
of the sea, to resort to hypothesis. Tu doing so it should be lomomboiod, that as wo 
want to find the aggicgate effect at ceitain places compiuatiudy near each other, being 
all in India, and not to find the law in passing from one point to another over the whole 
surface of the ocean, an average representation of its foiiu will be quite as good for oui 
purpose as an accurate knowledge of all its variations of depth. 

■f , k 1 



The hypothesis I assume I will now describe. Let tho preceding diagram (fig* 1) repre¬ 
sent aa outline of tho ocean and bounding countries under consideration, Let A, B, 0 
(as in my former Papers) be Kaliana, Kolianpur, and Damagida, the three terminal 
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stations of the two higher portions of the Great Arc: P is Punncc, tho station close to 
Cape Comorin. Draw EPF east and west, meeting Africa in E and the Malay Peninsula 
in F. I call the depths at the middle points, viz. at a and b, of these lines at the open¬ 
ing of the A r a b ian Sea and Bay of Bengal into the Indian Ocean, a and b. and I 
assume that the bottom dopes up gradually from these points in lines due north to 
vfi and n, near Karachi and the Sandheads of Calcutta; and that the bottom shelves 
down to these lines from every part of the shore. Thus to find the depth at any point 
H, we must draw KBJc at right angles to am; first find the depth at h in terms of <t, 
from the measured ratio of nth to met; then find the depth at II in terms of that at A, 
and so in terms of a, from the measured ratio of HZb to Ilk. In tliis way the depth at 
all points in the Arabian Sea and the Bay of Bengal may be found in terms of a and b. 

I next assume that at a point D, 36° south of Cape Comorin and nearly midway between 
Madagascar and Australia, the depth is D; and that the bottom slopes down gradually 
to D from all sides—from the bottom at FP and PE, from the shores on the cast and 
west, and from the neighbourhood of the south pole. It will soon be seen that any 
uncertainty regar ding the depth down towards the south pole is comparatively unim¬ 
portant. From thifl description it will be seen that the depth along any line PI may 
be found as Mows:—The bottom slopes down to L from both shores: the depth at L 
is known in terms of a and D from the ratio of ctL to LD. Again, tho depths along a 
line CMNQ are found thus. The depth at M is found in terms of a from tlio slope of IV, 
From M to N the bottom slopes to a depth which is found in terms of I) by the relafch e 
distance of N from Madagascar, the nearest shore, and I). By this contrivance the 
depths of all parts of tho ocean under examination can bo found in terms of one or more 
of the arbitrary depths a, 6, D: and by rightly choosing these quantities I think wo shall 
have a very good averago representation of the volumo and general form of the pectin, 
as far as its effect on the stations in India require a knowledge of it The effect of the 
•ocean to the right of the eastern peninsula and archipelago I have omitted, as it would 
he about the same for all the stations. 


$ 3. Calculation of the attractions and defections. 

5. The method of calculating the attraction is precisely the same as that adopted in 
my Paper of 1865 for the Mountains. Thus for the station P. Through P imagine 
great circles drawn (not given in the diagram to prevent confusion) at 30° apart, These 
will divide tire surface into limes reaching to the antipodes. The lines drawn in the 
diagram are the middle or dividing lines of these lunes, along which the attraction acts. 
Around P describe a circle with radius =6°; and beyond this other tildes with, the radii 
noted in the Table in page 782. ,The property of this law of dissection is, that the 
attractions of the masses of the several compartments into which this process divides the 
surface, are proportional to their average depths; or if d l d t d V i *be the depths, the 

' n of each mass* 

A ' 

of distilled water. 


attractions of the masses^ on P are as dxd%d !■«.«, The attractLp 
=if sklB°x depth,. 'How theXdens. 

H.’ flu w ' 
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1 

Radii of cmloa 


Rada of Ulrica 

1 

5*0 

16 

21*4 

3 

5*5 

17 

$3*6 

s 

6*1 

IB 

S6*l 

4 

6*7 

1 19 

$8*8 

5 

7*4 

i SO 

31*8 

6 

8*1 

SI 

35*3 

7 

8*9 

SS 

38*9 

8 

9*8 

S3 

43*1 

Q 

10*8 

24 

48*1 

V 

10 

11*9 

S5 

53*9 

n 

13*1 

26 

60*7 

is 

14*4 

S7 

68*9 

13 

16*0 

SB 

79*3 

14 

17*6 

29 

93*3 

15 

19*4 

30 l 116*7 

|Tb<? next is beyond tho onlipotU s. 


Also moan density of the oarth=5-0C tunes that of distilled water. Also mean density 
of the earth < 7 =gravity, r=4000 miles. The density of Sdiohallien, which is a 

fair representative of tho density of rock at the surface, =2'75xdons. distilled water; 

,% ^ssoxopss of density of rock above* that of sea-water 

mean dens, of cortli =|; i 

also sml6°5s:0*2588, 

attraction of mass in any compartinent==0*000000079 x depth xg 

=tan (0"\L85) depth x g> 

deflection caused by this =0"*185 depth, 
as is easily seen by tho resolution of forces. 

Hence the deflection causod by the whole of any one lime is found by adding together 
all the depths of the compartments, and multiplying the sum by the cosine and bine of 
the azimu th, reckoned from the south to tho loft, to find tho North and East force pro- 
duced by the deficiency of matter in tho ocean. These added together for all the bines 
will give the total effect of the portions of the surface beyond the first circle. 

6. In parts whero the compartments arc brokon into by the shores, or the lunos must 
be narrowed in consequence of the land, I introduce the correction by inducing the 
depths in proportion, and leaving the constant multiplier 0^*186 unchanged. Thus too 
in the third lane to the west, the middle line lies along the shore, and therefore half 
the l une is on land, and the depth along the middle lino, being zero all along, docs not 
represent the average depth of the compartments. I therefore take the depths along tho 
middle line of the half lune, that is, along a line making an angle 7° BO' with the shore; 
and besides this I take half only of the result, as the width of tho lune is diminished in 
that ratio. A gain., the most important lune, that which has its middle lino due south, 
u6eds consideration. The middle line lios at tho groatest depth in all the compartments. 
The depths of the middle of tho compartments will therefore be all larger than the 
average depth of the compartments, The average depth of the compartment in the 
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latitude of D, it is easily seen, is about | D. This, therefore, I shall adopt as the depth 

at D for all lunes which have their middle line in APD. 

7. I have not yet considered the portion within the first circle. It is easy to show by 

the Integral Calculus, that the attraction of a small horizontal pyramid, of depth d at its 
vertical base, =$d.d, irrespectively of its length, ft being the width. Hence, by inte¬ 
gration, 2g sinl6 0 .rf is the attraction for the whole width of the lune. And the conse¬ 
quent deflection caused by this portion of the ocean sin 15°.d = 0 ,, '185xy d- 

Hence the deflection caused by the whole lune 

=0 ,, *185^^d+d,-f-d > +d 9 4'. 

8. We are now prepared to enter into Tables the deflections caused by the several 
lunes. The process I follow is partly graphic. I take a strip of paper and mark it, to 
be used as a scale. After the zero-point the first mark is at 5° distance,* this being the 
radius of the first circle about P bounding the compartments. The distances of the 
remaining circles, as noted in the Table in page 782, are next marked on the scale. It will 
be observed that the distances of the circles from each other arc at first very small, but 
they afterward rapidly increase, and the 29th compartment terminates at 110° from V, 
and the next stretches beyond the antipodes. The rapid increase of the dimensions of 
the compartments in the southern ocean renders it unimportant to know the depths of 
those regions with any degree of accuracy, as I have already noticed. 

The scale thus formed is laid upon the diagram (fig. 1), along the middle lines of the 
several lunes, the zero-point being at P. The values of d d x d* ... are then, without 
much difficulty, determined from the diagram for P, and similarly for other stations, as 
noted down in the six Tables which follow. The deflections are resolved north and east. 

Of the six stations I have chosen (for reasons which will appear), one has no name, os 
there is no known place there. I therefore call it “Near-Goa." It is half-way between 
Punnce and Karachi. 


j 


h 


i 


w i 
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Tabm I.—Deflections at Kaliana- 


DepUifl 




a' 

Si 

d 4 

a‘ 

i* 

d 7 

d « 

a" 

“10 

r 

i u 

“14 

«15 

^K, 

“17 

®w 

®S0 

4, 


Cential Luno. 


2* 

”2fi 


*27 


Kino depths 
from 0 to ft-D 
(=3*7 D) 


Totals ... 
Deflect" 


Sams ... 
Cos azim. 
DefJfc... 


Difc... 
Sin aztm 
DefcJE.. 


Six depths 
from 4 D to 0 
(zsfl-fiD) 


Find Lune. 


Unfit. 


Five from 
0 to** 
(=1*67 ft) 


6*9 D 
1"*16D 


1»*15D 

l"‘15D 


0 

0 

0 


Nino depths 
from 16 to+D 
(=8*+*9D) 


Sovcn depths 
from 4-D to 0 
(=*7D) 


Wont. 

0 

0 


Second Iiimc 


Cant. 

0 

0 


West. 

0 

0 


Nine depths 
from 0 to a 
(=4*5 a) 


3 from 0 to j’f * 
(ss*0S&) 


Six depths 
from nVe to 0 
(=’11*) 


Sovon dopths 
from«tOT|»rD 
(=•350) 


Throo from 


l*6D+4*67* 

0"*30D+0*86£ 


Four from 
i D to 0 
(=•41 


D) 


1*2D+4*5o 
0"-»JBD + 0*83a 


3 from 0 to ! a 
(=•3 a) 


Six 

from l ft to 0 
(=»Crt) 


• 16 * 
0 ,f *03 6 


*9 « 
0'47a 


D+0"’86 6 -f* O'^SS a 
•866 

0 r, *45 D-f* 0 M, 74 *+0 ,f *78 a 


•0"*08 D—0"*86 *+0' f *83 a 
•500 

«0 ,f *04 D—0 M *48 *+0 ,f *41 a 


0 ,f, 03*+0M7a 

•500 

0"*0j&*+0''*08ff 

-0"*03*.f0"*17* 

*866 

—0 ,f *03*+0"*15a 


Total Deflection at Kaliana, North, l"*60D+0"*76*+0"‘80 o, 
Total Deflection at Kaliana, East, -0 ,, -04D-0 , '*466+0"*56a. 
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Table IX. Deflections at Kalianpiu*. 
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Depths. 


W 


d x 
d, 

d 3 
d 4 
d 5 
d 8 

^8 

9 

tfio 

e? u 

rf l2 

d\$ 

^14 

rfl6 

“17 

<{l8 

<*1Q 


</« 


>1 


*88 

d$r 

dm 

£ 


80 


Central Lnne. 


Twelve 
I depths from 
0 to 4 D 
(«5D) 


First Lunc. 


East. 


West. 


Second Lune. 


East 


West. 


Third Lime. 


East. 


0 

0 


Eight depths 
from 0 to 4 6 
(=3-43 6 ) 


Nino depths 


(= 


Eight depths 
from 0 U« 
(=0-5 £a) 


Nine depths 


from 4 6 to 4 D from £-$■ a to fW D 
=3-86 6+1-80 D) (»*83 «+0-8X D) 


Seven 
[depths from 
ft D to 0 
I (=8*98 D) 


Totals*. 7*93 D 

Deflections 1"*47 D 


Sums. T r *47 D 

Cos azim. 1 
Def. M ... l"-47 D 


Diff. .. 

Sin azim. 
Def. JB* ...I 


0 

0 

0 


Eight depths 
from ft D to 0 
(ssl-14 D) 


Eight 
d< ptlm 
from 
0 to A 6 
(=1-196) 


0 

0 




Ten 

depths 

from 

0 lo \ft a 

|(=S-94d)| 


Six 
depths 
from 
A 6 to 0 
(=•896) 


fiom A D to 0 
(*$« D) 


8*43 D 
+ 7**8 6 
0 H *4S D 
+ 1* M 35 6 


1*66 D 
3*33 a 
0"-29 D 
+0"*99 « 


Nina 
depths 
from 
a lo 0 
(=0*f)5o; 


8*08 6 
0"*386 


3*39 u 

l"»Q3rt 


0"*74 D+l"*35 6+0' , *99 a 
•866 

0"'64D+0"*90 3+0"*87a 


- 0 M 6 D-l"*35 6 + 0"*99 a 
•600 

-0‘'-08 D- 0 f, 67 6+0"-50 a 


O"*38 6+l"*03« 
*300 

0 "* 196 + 0 "* 81 « 

—0"*38 6+l ,, *03o 

-866 

-0»*33 6+0"89« 


West. 


0 


4 from 
0 to A a 
(=s-23tf) 

4 from 
A tx to 0 
(=•33 a) 


MMM 
• i • 4 » e 


•46 tt 
0"*09 u 


0"*09 a 
0 
0 




0"-09 a 

1 

0 f,, 09 a 


Total Defleotion at Kaliaapur, North, 3 ,, *17 D+l w, 09 3+ l ,f *68 a. 
Total Deflection at Kalianpuf, East, -0"-08 D~ IH 6+l"*48 u. 


MDCCOLIX. 


w ■< I- 


6 1 * 
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Table III. Deflections at Damnrgula. 




Fust Luna. 

Second Lune. 

Thud Lune. 

Fouith Lune. 

Depths, 

Cential Lune. - 

East 

Wcbt. 

EtoU 

Wist. 

East. 

West 


West. 

d 

0 

0 

0 

0 

0 

0 

0 

0 

0 

* 1 * 

0 

0 

0 

0 

0 

0 

0 

0 

0 

dy 






Eight 

depths 

fiotn 

0 to , H , b 
[ = 1*116) 


M IM 


W 1 
d a 

d 3 












Nine 


T< n 


Eleven 



Seven d< pits 
from 0 lo i’, a 
(=1*G#«) 

depths 

liom 

Eleven 

depths 

fiom 


<h pths 

« 4 

d * 



depths 

ftom 

0 to | § a 
=4*85a) 


from 

a 5 

d* 

d 7 

J 



0 to 7, b 
;=1*175) 

0 to j a 
(={M4r/) 


0 Li tt 
(- •»»«) 





“a 

d s 

j 




V 

4 from 
\ b to 0 
(=0*696) 











M ihaa* 

“10 

rf' 1 




Sovrn 


4 ft 0111 
^ a to 0 
(=0*B5ff) 


3 flom 
, x i tt to 0 
(-*09«; 

“12 

«u 

4* 

“15 

i //- 

Fiftoen 
depths from 
0 lo § D ; 
(=6«6 D) 1 

Fifteen 
depths 
from 
Oto > D 
(=8*5D) 

Thirteen depths 
Vom A«to P, I) 
(=3rt+l*83l)) 

depths 
from 
h b to 0 
(=0*916) 

Ten 
depths 
fiotn 
} S a to 0 
(4*41 a) 

MM 


“17 

^18 

rfjp 

1 

2 




IMSM 













“a) 

ffoi 

£ 

£ 

4 

4 

4 

Eight 

depths from 
4D to 0 
(=3*83 D) 

Nino 1 
deptiis 
from 
IDtoO 
(=1*6D) 

Nine depths 
from "Pa D to 0 

(=1*#7 D) 

i 



ft*•*• 


4 « Ml 

• •» * 

Ml M 

• * * • • 

Totals 

Deflect®* 

■. 

, 9*58 D 

1*77 D 

4 D 

0"*74 D 

8*1 D 
+4*G#rt 
0*57 D 
+ 0*85 a 

8*08 b 

0*38 b 

9*36 a 

1*71 a 

1*76 

0*31 6 

•3*99 a 

0*5G a 

0 

0 

0*4)3 a 

0 /# 0H tt 

Sums 

Cofazim 

DejT.N;.. 

. 1"*77 D 
1 

, 1*77 0 

l"*8lD+0"*85a 

*866 

1»*18D+0 V *74 a 

0*38 6+1*71 a 
*500 

0*19 6+ 0*85 a 

0*316+0'*60 a 

0 

0 

0 '*08 ft 

—*500 
- 0*04 a 

Dtft...,, 
Sin aaibi 

0 

u 0 

—0M7 D+0 '*85 o 
•800 

-1*386+1*71 a 
*866 

—0*316+0*56 a 
1 

0*08 a 
•BGG 

Def.Jff.. 

.. 0 

->-0*08 D+0 '*48 a 

-0*33 6+1*48 < 

—0 ,f *316+0*5Gfl 

0' 

*00 a 


Total Deflection at Damargida, North, #*90 D+0*'*19 b +1"«55 (/. 
Total Deflection at Damargida, East, -~0'*08 D-0"*64 1 >+&*58 tu 
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Tint Lima. 

Second Luno. 

Third Luno. 

Fourth Luno. 

Fifth Luue. 

Dqiths 

Central Lime* 

Eart. 

West. 

East. 

WflBt. 

East. 

West, 

East. 

West. 

East. 

West. 

d 


*D 

h* 

*D+«4 

*»+**« 

16 

•jV 

a: a 

w 

•h a 


7*iV« 

A<* 

1*25 D 

0*87 D 

0-98 D 

0-72 D 
+4*536 

0*76 D 
+3*68 a 

5*856 

3*89 a 

2*436 

2a 

0*37 6 

0*26 o 

rf. 




Seven from 






Six from 

£5# 


d 




&D+-H6 

mr 

Ten depths 
from 

&D+Ma 

to 

Eight 

depths 

from 

46 to 6 

Ten 

depths 

from 

Nine 

depths 

from 

A6 to 56 
(a 3*646) 

Twelve 

depths 

Ton 
depths 
from ^ a 

J 




+4*536) 


(=64) 

44a to « 
(=6*85a) 

from 

[=4*57a) 


t°iV tf . 
(=■48 a) 

d* 




4 from 

d 


Nineteen 

Nineteen 
depths from 





a A 

rf" 

“in 

Twenty 
depths from 
•AD to 4D 
£=9*521)) 





(=0*116) 


depths from 





4 from 
46 to 0 
(*1*116) 



A U to A D 
(=5*54D) 

AD to AD 
(LfrOBD) 

Fifteen 


6 to 0 

(=*4) 

Eight 



4 from 
i4u to 0 
(ss;0*l4flt) 

®Jia 

d u 


3 from 





gl 


depths 
from 
a to 0 





Twelve 
depths from 



RQmI 










4 

d \i 


* 


(=1*02D 

+6*486) 

1 » r D+ 1 & r a 
to 0 


(=*«) 




HIM* 

|m til 

4 




(=SD+9o) 



■ 




4 






»»M4I 


1 




4 








1 




z 






ItlMt 


♦ IIM* 

mot 

iipftt 


r 

4 

Ten depths 
from 

Eleven 

Eleven 




• saws 

Mtllt 


M» *M 


£ 

depths from 
Id toO 

depths from 
ADtoO 





IIMlt 

IMIM 

IfMM 

mm 

l*iIII 

turn 

1 

z 

4DtoO 

(«4*17D) 

i 

(£*76 D) 

(-8*41 D) 




(MMf 

*Uttl 

Mlftll 

• M**t 

1MMI 

MINI 

IMIM 


i 



■ 

mm 

«»» fit 

• iMM 

B 

B 

B 

MMM 

****** 

Totals ... 

15*64 D 

9*l6D 

8*44 D 

8*46 D 

m D 

14*256 

14*74o 

7*086 


0*756 

0*88 a 


-M 5*54 6 

+14*73 a 

1 


1"-8U 


0"*146 

0"*l6<t 

Deflect** 

2"*8lD 

l'W 

1"*56D 



*"•646 

2"*73 a 


+8*876 

j 8*73 a 




BB 

■HR 


Sums •*. 

D 


l"*81D+8"‘876+8 ,f *78o 

8"*646+S"‘73a 

l"*3l6+l"*37a 

0"*146+0"*l6a 

A m.J%A 1 

Cos aeiro, 
DefJV,... 

1 

»"*81 D 

0-866 
*"•61D 

0*500 

0"*60D+l"*4S6+l"*36a 


0 

0 

-0*500 

—0 w *656-0 ,; *68« 

-0*866 

~0"*l$6-0"*13a 

Diff....... 

Sin anm 
DefJSL... 

0 

. -■ 0 

0 

1 

— OMSD 

0*500 

-fl"*06D 

0"-29D-2"*876+8"*73a 

0*866 

0"*$5D-8"*496+2"*86tf 

—2' , *646+8 ,, *73a 
1 

-2"*646+8"*73« 

-l"*3l6+l"*S7a 

0*866 

-l w *136+l"*19a 



i 


Total Deflection at Punnce, North, D+0 ,f *66 6 4* a* 
Total Deflection at Funnoe, Eari, =0"*19 D-6' , *386 +6 ,, *86 a, 
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Tabus V.—-Dcflectiona at Near-Goo. 



Total Deflection at Near-Goa, North, ** 3 M *03 D+0"*6fi J +BHft a. 
Total Defleotion at Near-Goa, JBtost, sa— 0 ,r *38 D—1^*39 h + 4 /f, 98 tt, 
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0. The results gathered from these Tul>lt's arc— 

Korih. 


Deflection at Kaliana . 
Deflection at Kalianpur 
Deflection at Domnrgidu 
Deflection at Fun nee . 
Deflection at Near-Goa 
Deflection at Karachi , 


1*00 D+0-7G 0+0*80 «, 
2*17 D+1'09 0+1*08 a, 
2-90 D+0T9 0+1 *35 <r, 
0-22 D+0-00 0+0*33#/, 
3*03 D+0-06 0+5*22 rf, 
2*11 D+0-10 0+3*35 #r, 


AW. 

—0-01 D-0* 10 0+0*30 a. 
—0*081)—i *000+1*18 </. 
—0*08 D—0*0*1 0+2*32 tf. 

0*11)1)—0*33 0+0*33* 
—[)—1*390+4*08^. 
—0*33 1)—0*28 0—04)1 a. 


When the values of D, a, and b are known, these fommlic will give the deflections. 

There have been no deep-sea soundings in the Indian or Southern OcnniH. Tin* 
results, therefore, at which T anise in what follows must be* looked upon as demon¬ 
strating that the effect of the oceau on the plumb-line is of importance, rather than us 
determining its amount. 

10. The widths of the openings of the Arabian Sea and Bay of Bengal arc as 4 to 3. 
In this ratio T shall tako a to 0. Also D 1 shall suppose 3 times a, untl therefore 4 
times 0. The formuloo then become— 

II M 

At Kaliana. . deflection North 2*00 I), deflection Bust 0*031). 

At Knlinaipnr . deflection North 3*001), deflection blast 0*101). 

At Damargida. deflection North 3*471), deflection East 0*00 I). 

At Funneo . . deflection North 0*671), deflection, East 0'73 I). 

At Near-Goa . deflection North 4'93 D, deflection East 0*031). 

At Karachi . deflection North 8*33 D, deflection East —0*42 J). 


11. It appoars from the chart of tho North Atlantic in Lieut. Maury h interesting 
work on tho ‘ Physical Geography of the Sea,’ that between North Africa and the West 
India Islands—a width about three-fourths of that of the Indian Ocean, whore 1 have 
placed the depth D—many depths have been measured between 3 and 4 miles. If, 
then, wc make D=3, which will hardly bo too much, the formula? become— 

a a 

At Kaliana. . deflection North 0*18, deflection East 0*00, 

At Kalian pur . deflection North 0*00, deflection East 0*48. 

At Damargida. deflection North 10*44, deflection East 1*80. 

AtPmmce . . deflection North 10*71, deflection East 2T9. 

At Near-Goa . deflection North 18*88, deflection East 2*79. 

At Karachi. . deflection North 9*99, deflection West 1*20. 


These at any rate serve to show that no calculations of tho Figure of tho Earth derived 
from the measurement of arcs in India can safely be dopondod upon, for great exactness, 
if the effort of the ocean is nogloctcdL 
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§ 4. The effect of the Ocean on the Ellipticity of the Great Arc of Meridian in India .. 

12. The results in the last paragraph increase the amplitudes of the two arcs Kaliana 
—Kalianpur and Kalianpur—Damargida by the quantities 2"*82 and 1* *44. In formei 
communications I have shown that the effect of mountain attraction is to deciease those 
amplitudes by 14"*896 and 5"*257. The effect, then, of the ocean is to reduce these to 
12"*88 and 4"*12. 

In my Paper of 1856 I obtain the following formula for calculating the effect of errors 
in amplitude on the ellipticity. If 15"*885(l-w) and 5"*059(l-u) be corrections to be 
added to the astronomical amplitudes of those two northern portions of the arc, then 
the ellipticity of the arc 

=0*002346+0*003693^—0-001040c. 

Put, therefore, 16*886(1—w)=12*88 and 6*069(1— v)~ 4*12; 

«=0*18918 and *>=0*18661, 

and ellipticity=0*003614=: 


This is nearer to .the mean value of the ellipticity than tlic hypothesis of deficiency of 
matter below will make it, if the deficiency extend no deeper than 800 miles below the 
surface (see my last Paper). The allowance, therefore, for tho effect of the ocean brings 
back the curvature of the Indian Arc, a a deduced by the comparison of the computed 


and observed a m plitudes (the latter being corrected for tbe effect of mountain and ocean 
attraction), more nearly to the moan curvature, and thus far acts in the right direction. 
I may also observe, that tho increase of amplitude between Danmrgida and Puiimc 
deduced from the last paragraph, taken in combination with the decrease which the 
mountains produce (as far as we can infer this latter amount by supposing the law of 
attraction between A and C to extend to P), is not very different from the error which 
Colonel Pyebest deduced (p. clxxvii of his volume of 1847) for that portion of the arc. 

IS. The effect of the mountain and ocean attractions is shown in the accompanying 


diagram (fig. 2). SDPmN iB the meridian line in the longitude of Cape Comorin or 
Punnce (P), on the supposition that the ocean is of the same density as superficial rock, 
and that the mountain mass is all removed. I) is 30° from P, and D d — the depth which 


measures the deficiency of matter arising from the inferior density of seawater — about 
1*878 miles. Prom d the curves dP and dS slope up to Punnce and tho neighbourhood 


of the south pole, so as to make the change of depth vary in arithmetical progression. 
The curve dP produced through P reaches a height at M (26° from P, and whore the 
axis of the Himmalayas crosses the meridian)=Mm=T878 x 25 -^36=1*3 mile. The 


average height of the whole mountain mass (in the Enclosed Space) is only about one 
mile; n also the greatest height between Punnce and the beginning of the Himmalayas, 
which is about halfway, does not exceed half a mile; and about Kaliana it is only one- 
fifth of a mite, , lienee the curve PM decidedly lies above the general curve of Asia 
from P unn ce towards the jototth pole; and the curvature of the actual meridian lino is 
greater than the average dirvateA \ Thfcrls fbe mult to which the ellipticity deduced 

^ ^ 1 1 11 r 


T. t 
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in the last paragraph has also brought us. Thus while the effect of mountain utirac- 
tion alone (as tho diagram shows, and my former calculations have shown) would ling 

ILg. 2. 

_ X -_ 




out a curvature flatter fha u tho moan, when tho effoot of tho ocean is also considered, 
the curve deduced is more convex j and, as tho calculation of tho last paragraph shows, 
is nearer the mean. Tho Figure of the Earth is, however, more distort(*d from the mean 
than if one only of these causes actod, For although tho curvature of tho portion of 
the meri dian under consideration is not so much offcctod, the* ponihon of this portion 
has, so to say, a tilt northwards and a slope southwards, so as to break tin* continuity 
of tho ellipse; and at all tho stations of tho arc in India the plumb-line hangs more 
northerly from the operation of both tho mountains and the ocoan, than if one of these 
causes only existed. 

§ 5. Change of ike SeaA&oel produced by the Mountain# and the Ocean, 

14. Both the positive attraction of the mountains and tho deficiency of attraction of 
the ocean have the effect of raising the sea-level at Karachi, near the months of the 
Indus in latitude 26°, above that at Capo Comorin. If tho difference of level is at all 
sensible, it is important to calculate it, as the Great Survey has brought down two of its 
chains of triangles to these two places on tho coast. 

In order to estimate the effect of these disturbing forces upon the sea-lovol, it in neces¬ 
sary to find their value along some line joining the two places, and to substitute them 
in the equation of fluid equilibrium* The line I choose is tho straight lino joining Gape 
Gomojfin and Karachi, which runs about SO 0 west of north. I have calculated the effect 
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of the ocean on the point half-way, which I have called “ Near-Goa,” as well as upon 
Punnoe and Kar achi, the two extremities, with a view to obtain the approximate law of 
the force along this line. The formuhe of par. 9 show that the chief part of the effect 
arises from the portions of the sea which depend on D, down in the south at a consider¬ 
able distance from Hindostan. The law, therefore, along the above line may be obtained 
approximately by ass uming a formula in powers of A, or the difference of latitude of any 
point on the line and Prnince. The value of this difference is 8°*5 at “ Near-Goa,” and 
17° at Karachi. The east and west parts of the force I neglect, as not modifying the 
force northwards at all materially. In this way I obtain— 

Dcflcction=19"-71-0"-685A+0 w -00084A s . 

This, as may be seen by substitution, gives the deflections of par. 11 at the three sta¬ 
tions, Punnoe, Near-Goa, and Karachi. It is easily seen, by the resolution of forces, that 
the ratio of the force producing this deflection to gravity equals tho tangent of this 
deflection. Hence, calling the force W, 

~== S 0*000096566839-0*000002836162A+0*000000004072A*, 

9 

A being expressed in degrees and parts of a degree. 

16. We shall soon require the integral of this force multiplied by the element of its 
direction, taken between A=0 and A=17. I will therefore calculate it at once. 

fW^A=0-0000965568S9A-0‘00000141808lA a +0-000000001357A B 

J 9 

sc0 , 0012215 in parts of a degree 
:= 448*25 feet 

This, it will he soon seen, is the rise of the eoa-level at Karachi above that at Capo 
Comorin in consequence of tho deficiency of attraction of the ocean, on tho hypothesis 
as to depths which I hate assumed. 

10. I will now consider the force arising from mountain attraction. It has been 
proved (in my Paper of 1866) that the Himmalayan Mass attracts points between A and 
C (in the diagram, fig. 1) as if it wore a dense prism of great length and small transverse 
dimensions running about W.N.W and E.S.E., and cutting tho meridian of tho Great 
Arc at about 3° 30 f north of Kaliana. The law of attraction for places between Kaliana 
and Damargida varies as the distance from this line inversely. Por distances from 
this line greater than Damargida this law needs modification, for the following reason. 
A prism attracts a point opposite its middle with a force varying inversely as the 
product of the distances of the point from the middle and from either of the extremities. 
Hence when the point is not fhr from the prism in comparison with the prisons length, 
tire fierce Will vary nearly as the inverse distance ,* but when at a considerable distance, 
it will vary mote nearly as the inverse square. 

The point where the line joining Punnoe and Karachi cuts the 20° parallel of longi¬ 
tude is about equally distant with Damargida from the above fixed hue (or axis) of the 
Himmalayas.. I shall there tohe the same as at Damargida, 

MDcecLix. - $ St ’ 1 
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viz. G H *8 sec 22° 30' or 7 W *30, 0 W *8 being the meridian deflection nt that station. Above 
this point up to Karachi I shall suppose the deflection to vniy a« the inverse distance, 
and below it down to Puimoe as the inverse square. This will gno results rather under, 
than over the mark; for it makes the deflections at Pumice and Karachi only 2"*0r> 
and 9"T5, as will be seen below. 

Let b and « be the distances from the fixed line of Danmrgida and of any point on 
the lino between Puimce and Karachi, of which X is the number of degrees of latitude 
above Punnco; 

... i= arc 15° cor 22° 30', «= avp 2f>° cos 22° 30'-X hop 30° sin 37° 30'. 

Hop™ from. Punncc to tlie 20° latitude, the (Mlcrtiim 

/ 15 cos22° .)(/ \* 

—7 *.>G ( 2 S CO a 22 ° 30 r —X bcc 30° sin 37° 30*/ 


286(/ r, 6 
(32*86—X) 1,4 


At Punncc this =2"*G5. 


Calling Mj the force producing this deflection, 

M, tail 28G0"*6_ 0*0138666 
g ~(32*86~X) a ~' (32*80-X) J * 


17. Also since dw=x—dx,»sec 30° sin 37° 81 f =K—0*702937$X 

I- 

tholimits of X being 0 and 12. This is in parts of a degroo: in feet it »15*88. This, 
it will be seen, is tho riso of tho point between Punncc and Karachi above Punncc in 
consequence of mountain attraction. 

18. Prom the point in latitude 20° up to Karachi, tho deflection 

35 cos22° 30' _ J45 r/ *3 

— 7 * d0 25 cob 22^~5(?-X8cc3b 0 sin$? 6 SO ~32*86-X* 


£ 

9 


du= s 0-000747s|^.g g -3^ gs ]=0'0001706 


At Karachi this — fPTS, The force producing tho defleolion being called M», 

Ms ta n]45 ff *l 0*00070298 
g "“32*86—X s 32*86—X * 

19, AlsoJ^-^* ~ logas0*0001355 in parts of a dogroc 3360*44 feet. 

This is the me of the sea-level at Karachi above the point in latitude 20°, in oonse- 
quenoe of motmtain attraction. This* as well as the similar statements in pars. 16 and 
17,1 now proceed to prove. 

20. The equation to the surface of a fluid mass acted on by forces XYZ at the point 

constant z£j(X<fa+Ydy+Zdz). 

* 

la the ease of the ocean the forces are the centrifugal force, the attraction of the general 
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moss of the eaxtli, and these throe disturbing forces W, M, and M„ which I have been 
calculating. Let u be the angular velocity of the earth round its axis, 6 the latitude of 
any point of the surface, v its distance from the earth’s centre, a the semi-axis major of 
the mean meri di an. Then oP.cc and oP . y is the centrifugal force parallel to w and y, & 
being the earth’s axis, and \aPcP cos 3 6 is the corresponding part of the above equation. 

Let Y be the potential for the earth’s mass, supposed a perfect spheroid of equilibrium 

E 

diff ering little from a sphere; E the earth’s mass, ’Then V differs from - only by a 
small variable quantity depending upon the ellipticity: lot it equal y(l+TJ). Substi¬ 


tuting these and the three disturbing forces, the equation of the surface now becomes 
const =®(1+U)+ cos* 


between the several limits, as already explained, or 
const =®(1+U)+5*V cos* 6+~L.g ; 


But 


. . tt . « B « 9 cos s a\ . T ag 

const =-(l+U+— 2 E—J+l-Tf 

1=~(1—» sin’ 4)=£(1—s+. cos* 6) 


r - ' r 

is tho equation to the surface,sbeing the ellipticity, when there is no disturbing force. 
Henco the equation in the present case is 

1=^(1—a sin* 0)+L.^j| i 


sso(l—* sin - ^)+E, as y 


Let 4 be the angle through which tho normal to the surface is thrown backwards. 
Now the tangent of the angle between r and the normal 

1 dr . 0A , IdL 



and d8~Tdd~ctdO being an element of the arc of the surface, the novation of tho 
surface of the sea in passing northwards »J^ds=sL, between tho limits X=0 and X=slY, 
Hence by adding together the values deduced in pars. 15,17,19 to obtain L, we have 
Elevation of sea-level at Karachi above that of Cape Comorin 

a=448 t 25+16’83*+*50 , 44=a614*67 feet. 

This will alter all heights which depend upon Karachi, but is not of sufficient import¬ 
ance to affeet the horizontal measures of the Survey. , 

21, This calculation sho^, greatest extent to which the sea-level along 
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our shores can be affected, as there is no part of the world where the disturbing causes 
can be more influential. Had these lateral forces been capable of drawing up the sea 
more, and ch anging the level from the mean more entirely, we should have no means of 
detecting large protuberances or extensive hollows, that is largo departures from the 
spheroidal form either in excess or defect. The sea is our only standard of measure* 
ment, to which the form can be referred; and were these local departures from the 
mean figure capable of drawing the sea-level to a greater conformity with themselves, 
than the above calculation shows they are able to do, wo might despair of ever 
obtaining an accurate knowledge of the form of the several parts of the surface, however 
much they differed from the sphoroid. This problem, as it is, is sufficiently beset with 
difficulties. It is therefore satisfactory that this is not added to their number. 


Calcutta , October 25,1858. 
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XXXI. On the Properties of Electro-deposited Antimony (continued). By G. Goke, Esq, 

Communicated by Professor Tyndall, F.B.S. 

Received. Juno 1, —Rend. Juuo 17,18S8*. 


a. Heat of discharge not due to coheme action .* 

69. I have alr eady shown to some extent that the change observed in electro-deposited 
antimony is not an instance of cohesive force exercised between the particles of the 
metal, because extensive fractures may occur in the mass (10.17.) without producing 
or materially b&uenoang the change; and the cohesion of the particles may be inde¬ 
finitely reduced by triturating the metal to a very fine powder (80, 81, 82.) without a 
corresponding reduction taking place in the amount of heat evolved. Heat also, wliich 
decreases the cohesive force, increases the molecular energy (28.), 

60. To test the question further, I took a quantity of small pieces of unchanged 
antimony, averagin g about -Jth of an inch square and ^th of an inch thick, divided 
it into two portions, reduced one portion to a very fine powder in water at 45°FAtm., 
dried it in the open air, and finally with a gentle heat. I then placed 300 grains of the 
powder in a short test-tubo closed by a cork, and surrounded by 400 grams ot distilled 
water contained in a small glass beaker covered with cotton-wool; and when the whole 
had acquired a temperature of 68°*2 Faiib., 1 induced the change by moans of a heated 
wire, and, agitated the water until a thermometer in it indicated a maximum temperature 
of 72°*6 Fahb. as. a rise of 19*8 degrees. The powder was then removed, and a perfectly 
s imilar experiment made with 800 grains of the unpulvoriaed fragments, in wliich cose 
the temperature of 400 grains of water rose from 52°*8 Fahb, to 72°*2 Fahb. « a rise 
of 19*4 degrees. 

61. I also took a freshly formed barf of the unchanged substance, porfectly free from 
grey antimony, £th of an inch thick and 1J inch long, weighing 278*02 grains; and the 
same weight of a mixture of small fragments and particles of similar metal, and mode 
two similar experiments to those described; the weight of water in each experiment being 
403*78 groins, and the specific heat-value of the immersed portions of the thermometer 
a nd test-tube being =14*60 grains of water. With the bar the temperature of the 
water,. &c. rose 20*05 Fahb. degrees; and with the fragments and particles it rose 20*00 
degrees* The bar lost 9*80 grains, or 3*61 per cent of expelled vapour, 9*72 grains of 
which was found condensed in the tube in the form of a thick buttery substance, 
evidently terchlorideofantiinony. 

* Subsequently revised arid todeawd by the author, ■ 

t Bar* aw fornsd by nstffow strips of the edges of whidi m 

enclosed by vertioal borders of ^ ^ f ^ * - ; 
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C2. And as a find settlement of tliib question, 1 took u bar weighing 377*10 grains, 
and the same weight of a cry finely powdered active antimony formed at the same penod, 
and made two moio experiments, tho weight of water in each instance' being 401*14 
grains, and the specific heat-value of the thermometer and tube being =14*0 grams oi 
water. "With the bar, the water rose in temperature from 59°*3 to 78° *4 1'atik., and 
with the powder it rose from 58°*9 to 78°*0FAmt., equal in each case to a lise of 1SH 
Faub. degrees. The loss of weight in the bar was 9* 12 grains, or Ml) per eont., and tlie 
amo unt of condonsod vapour found in the lube was 9*20 giains. 

63. Alter making a small deduction for loss of heat by particles which may lime 
undergone the change during tho process of grinding, it is evident that the amount of 
heat set tree by the powdmed substance is not sensibly different from that evolved by 
the substance in the coherent massive state, and therefore the force exercised in the 


peculiar change of antimony is not that of cohesion. 

64. The only method by which I have yet been able approximately to determine the 
amount of ch ang ed antimony contained in the powder, or the extent to which the 
powder has lost its peculiar thermic power, lias been to measure the amoiuit of heat 
evolved by the discharge of a given weight of it in a calorimeter. 


b. Beat of discharge ml due to alteration of specific heal 

66. It may readily bo supposed that a portion of the evolved beat may bo due* to 
diminution of specific boat attendant upon the increase of specific gravity which occurs 
during tho sudden change (46.); I therefore mode several detorminaUons of the specific 
heat of unchanged and changed specimens in an apparatus simil ar to that used by 
JUgnault for specific heats. Tho specimen to bo examined was placed in a small 
copper wire basket, suspended by a horsehair, and raised^ by moans of small pulleys 
into a vertical cylindrical air-chamber, surrounded by a vessel of hot water, and retained 
there in contact with the bulb of a thermometer until it had acquired a perfectly uniform 
and stationary tomperaturo (generally about 160° or 180° Fatih.) by careful regulation 
of the heat. Meanwhile a known quantity of distilled water (usually an equal weight 
to tho antimony) in a thin glass vosaol covered externally with cotton-wool, and con¬ 
taining a thermometer, was brought to a uniform and stationary temperature (generally 
about fi0° Fabb.) by surrounding it by non-conducting screens. At that moment tho 
vessel of water was placed close beneath the air-chamber, and the basket lowered in on 
instant into tise water by means of the horsehair and pulleys- The vessel of water was 
immediately removed and dosed, and tho basket agitated continually by moans of a 
hooked glass rod passing through a hole in the cover until the thermometer indicated a 
temperature, which occurred in about two minutes. Corrections in the 
calculation wore made in each instance for the amount of heat evolved by tho bosket, 
and for that absorbed by the immersed portion of tho thermometer* 

6$ Mteterminations were made of the specific heat of two unchanged bars, 
each upwards of 260 grains, and tho fallowing numbers were obtained, in the 
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0I a er given,—0*06405, 0-06261, 0-06204, 0*06372, 0-06329, 0-06240, and 0-06377; 
mean 0*06312. The discharging point of perfectly similar bars was 205°*5 Faitr., and 
the highest temperature to which these were raised was 185°* 3 Fahr. ; nevertheless oil 
several occasions during their presence in the air-bath at the higher temperatures I 
observed that they evolved heat; and after the experiments, I found that they had 
entirely lost their heating property; their weights and specific gravities were, however, 
but very slightly different from those found before the specific heat determinations, but 
their fractured surfaces were much less bright and of a lighter colour than those of 
unchanged antim ony. From these experiments it appears that the discharge of heat by 
electro-deposited antimony is not necessarily attended by alteration of the specific heat 
of the substance; because whilst the substance was gradually discharging the whole of 
its peculiar heat, its specific heat did not sensibly diminish, as may be observed by 
ftTfl.Tmm-ng the numbers obtained. 

67, An extra determination was made with two similar bars, weighing together upwards 
of 480 grains; raising their temperature only to 118°*0 hAim., the number obtained was 
0-0637; they still possessed the heating property, evidently because they had not been 
subjected to a sufficiently high temperature to produce oven a gradual discharge. The 
specific heat of the solution in which the bars were formed was found by the method 
of cooling to bo =0*6650. 

68, Some determinations of the specific heat of antimony which luid boon mtddnihj 

discharged were also made. With two bars which had been changed in air at 60° V ah k«, 

and weighing together about 730 grains, the following successive numbers were obtained, 

—0*0533, 0*0645, 0*0549,0-0547; mean =0-0543* And with thin pieces discharged in 

the hot-air bath, and weighing nearly 740 grains the numbers 0*0522 and 0-0533 wore 

obta ined,* The results were checked by separate determinations of the specific heat 

of purified antimony in the ordinary state of aggregation. The manifest reason why 

the specific heat of the suddenly changed bars was less than that of the gradmlhj 

changed ones, was because they had by the sudden discharge been subjected to a very 

much higher temperature, and had therefore lost a larger proportion of their enclosed 

liquid, which is a substance of greater specific heat than metallic antimony. A similar 

reason explains why the thin pieces suddenly discharged in a heated atmosphere had 

less specific heat than the bars suddenly discharged in cool air. In all cases, the higher 

ihe temperature the substance had been subjected to in the process of discharge, 

—either by being suddenly instead of gradually discharged, or by being suddenly 

discharged in a non-conducting heated medium instead of in cool air (or in cold water 

mxo&xuxf, for example), or by discharging a large bulk instead of a small quantify,— 

the greater was the lose of enclosed liquid, increase of specific gravity* and decrease of 

suomfic [toot ^ 1 

c. £e^mfbwre alt wUeh the sudden discharge occursi 

69, A nxuiate^ ^the isto^eratoe at which the 

«*stance £«&ipge*jii fcefiVtt parfecily similar specimens 
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were taken; one was suspended in the air-bath of the calorimeter and healed with 
moderate speed until the discharge occurred, to determine wpfrommtcly its discharging 
point; the second was then tried, raising the temperature of the bath with increasing 
slowness until within ten to four degrees of tho discharging point; the hath being then 
kept stationary at that temperature, the metal began to evolve its heat, raising its own 
temperature above that of tho bath, slowly at first, and then moro quickly, until the 
sudden dischorgo took place. In some cases, where the quantity of metal operated 
upon was small, and especially if the temperature of the surrounding bath was a few 
degrees too low, the heat was evolved gradually without any sudden discharge. 


1. Coarse granules (freshly formed) 

2. Ban and thin pieces (stale) . 

3. Thin pieoes (stole). 

4. Thin pieces (freshly formed). 

6. Ban (formed one day) . 

a Bars (recently deposited) . 

7. Lumps (recently depo^tod) . 

8. Powder (stalo).. 

9. Powder, but lud boon kept in a 

warm place... 

10. Powder, but had been kept in a 

warm place .... 

11. Pino powder .... 



000 00 in a thin ooppor bucket. 

572-27 in a thin ooppor buakol. 

90*10 in a thin ooppor buoket. 

240*78 in a One brass gaiuso basket 

000*00 in a thin copper bucket. 

445*24 in a thin copper bucket'. 

007*77 in a closed brass vessel. 

105*70 in a closed bran vessel. 

500-00 in a oloaod bran vessel. 

300*00 in a thin copper bucket...... 


, , ... %!ft /«nd lost 4-07 per 

Discharged suddenly at 200 m it. in Anprnir. 

Ducluirgcd suddenly at 205*5 
Discharged suddenly at 10S 0 
Discharged suddenly at 100-5 

Diwlmisod «ud<taly .1 UXI (1 { “"^uim^khT 

Disoliargod suddenly at 181*0 
Divlmrgctl sudd<mly at 183*t 
Discliatgud suddenly at 17H 0 
Discharged gradually -i 
during two minutes at J 
Discbatgwl mtdilunlyi 

but feebly at ..J 7 

Discliargcd suddenly at 100-0 


In a former experiment (85.), witli less perfectly amorphous metal, a much higher 
temperature of discharge was observed, partly because a bath of mercury wan employed 
which conveyed the evolved heat moro rapidly away, 

70. It is probable that the real temperature of sudden discharge is above 212 o, 0 Farr., 
because the temperature observed in each of the above experiments was only that of the 
external mface of the basket; the centre of tho mass or heap of antimony was jivobably 
at a much higher tomperature. It also appears that the discharge is not limited to a 
particular temperature, but commences betweon 170° and 100° Barr., and gradually 
increases in rapidity to some point above 212°Eahr., when it attains its maximum, and 
becomes sudden. 

71. Small thin pieces of the substance formed at tho same period, and in the same 

'liquid as those of Nos. 4 and 6, wero heated a few minutes in water at 2O0°l?Aiffi., and 
in air at 208® without losing their heating powor; but by immersing them in boiling 

water during twenty minutes, nearly the whole of the heating power was removed 
without loss of weight in the pieces. Two portions of 20 grains each were also placed, 
one in a fine brass wire-gauze vessel, and the other in a water-tight copper buoket, and 
both immersed in boiling water during thirty minutes: at the end of that time tho heating 
power of each had disappeared; the former had gained 0*11 grain in weight (probably 
by absorption of water), and the weight of tho latter had remained unaltored. 

72. the thermic power may be exhausted either gradually or suddenly, and the con- 
ditixfos °of gradual or sudden discharge appear to be these:—if the amount of cooling 
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influences is great in relation to the amount of heat to bo discharged the action is 
gradual, but if it is small the action is sudden. 


d. Total amount of heat evolved by the change. 

73. The following determinations were made of the total amount of heat evolved 
during the change. In each instance the metal was contained in a fine brass gauze 
basket with a lid, placed in a glass tube immersed in the water of a small calorimeter, 
and its heat was discharged by contact of a small heated wire momentarily introduced 
through a hole in the cork of the tube and in the lid. The water was constantly stirred, 
and it occupied about nine minutes in attaining its maximum temperature. The calcu¬ 
lations include the heat absorbed by the basket, the immersed portions of the tube and 
thermometer, the water, and the metallic mass; reckoning the tcrchloridc of antimoii) 
a nd actual metal together^ i. e. as one mass, possessing a mean specific heat of 0'0G312 
(see 66.). 

Evolved sufficient boat to raise its own weight 
grains. of antimony, of spocillo heat 00508. granui. 

1. 3000 of co&reo granules, deposited l day 600-27 Faiiu. dogma; and lost 10-81 of apollod vapour *»3-6 pw cent 

2. 350 0 of ooarso granules, deposited 2 days 602-38 Fauiu degreesj and lost 12-74 of expelled vapour « 3-0-1 per amt. 

3. 3500 of ooarso granulos, deposited 2 days 004-64 Faiir, degrees; and lost 12-52 of expelled vapour «3-57 per cent. ’ 

4. 3500 of ooarso grannies, deposited 2 days 0574)5 Finn, degrees; and lost 12*00 of expelled vapour « 3-42 per crab. 

5. 3500 of caowo granules, dopositod 3 days 020-20 JTahb. degrees, and lout 13-40 of expeUal vapour ~ 3-5(1 per cent. 

0. 3000 of thin pieces, dopositod 1 doy ...... 705*80 Fauu. degrees; and lost 11-13 of expelled vapour •« 3*71 percent. 

7. 3000 of ftao powdor, deposited 0 woelw... 602-84 Fahb. dogrocw; and lost 2-,*13 or wcpullod vapour =--<V770 per rant. 

8. 3000 of tlun piooos, dopositod 0 hours.051-7R Fa mu degrees; oud lost 11*20 of expelled vapour < 3 75 per cwnl. 

0. 272-42 a bar, deposited 1 day.028-70 Fau a. dqprtm; nud lost 7*50 of expelled vapour b< 2-13 per wul. 

10. 4000 of thin piooos, deposited 3 hours. 055-35 Faur. degrees i atid lost 15-1!) of uxjnffiutl va}H)»r « 3*7 per cent. 

J1. 251-02 a bar.033-00 Fahb. degrees! and lost 10-8 of expelled vapour «4-28 |»r cent. 


The coarse grannies used in experiments 1 to 6 wore formed by depositing the substance 
upon coarse copper wire-gauze, and bending the coated gauze backwards and forwards 
in cold water, then sifting and drying the product. The metal of No. 7 had been pre¬ 
viously exposed for two hours in the air-bath to a uniform temperature of 162° Fatm., 
and during that time had lost 0*06 grain-in weight 
74. A bar of active antimony rapidly deposited in a nearly pure- solution of add 
hydrocblorate of terchloride of antimony, taken from the liquid, and discharged the 
same day in the calorimeter at 65 0, 5 Faiir., evolved sufficient heat to raise tho tempe¬ 
rature of its own weight of ordinary antimony (specific heat =0*0508) 624*65 Fahii. 
degrees. Tho following are the spedfic heat-values in water of the materials and 


apparatus:— 

Antimony .350*27 gra. (sp. heftt=O‘0G312)= 22-4877 gra, of water 

Braes bwket ..(sp. heat =a0-0989 )« 5-0800 gra. of water ^ #50* to 

Immwwdpatii d gk*a tube (up. heat *0*1770 >« 28*718 gra, of water V ^ ^ 

Mercury of theamorpeter heat *0*0880 ) =* 6*882 gra. of water 

"Water....*,,,,...774*820 jpWi j 1 1 

- S'* ?*<***£ ' . - 

Ihe disoherge k ‘thi» sat shattered the bar into 


MDCCCLIX. 


W* 
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minute fragments. The loss of weight by evolved vapour was 5*99 grains =1-08 per 
cent In several cases, when the substance has been rapidly deposited and discharged 
within a short period, the action has been instantaneous, and the metal has been 
shattered into minute particles (see 25.). 

e. The evolution of vapour not a cause but an effect of the heat . 

75. The evolution of vapour and consequent loss of weight by the discharge appears 
to be entirely dependent upon the temperature which the substance acquires during the 
discharge. 1st. If the substance acquires a very high temperature, such as when it is 
discharged in a hot-air bath, its loss of weight is considerable; but if it does not acquire 
a very high temperature, as when it is gradually discharged by suspending it in a hot¬ 
air bath at about 150° or 170° Fare., or in a hot-water bath at 212° Faiie., its loss of 
weight is very small. The following experiments will illustrate this statement:— 

Three perfectly similar bars, taken the previous day from the depositing liquid, were 
separately discharged in the hot-air bath: the first was gradually raised in temperature 
during one hour and forty minutes from 60° to 196° Fahr., it then suddenly discharged 
with considerable fbree; the second was maintained at a temperature varying from 
170° to 178° Faiir. during two hours and eleven minutes, it then suddenly discharged 
its heat with less force; and the third was kept at a temperature varying from 170° to 
177° Fare, during nine hours and twelve minutes, and (after the heat appeared to be all 
discharged) during the last two hours at 180 9 Fahr., -and finally at 180° Fahr. i it evolved 
its heat gradually without any sudden discharge, and was found to have entirely lost its 
thermic power. The following axe the weights of the bars, their specific gravities, their 
losses of vapour, &c. 


Before the experiment. 

grains. 

'No. 1 ”24.9*78. 

No. 2. - 254*65.; Specific gravity 6‘811 at 66 6 Farr. 
No. & 29H5, Specific gravity 5*825 at 68°*8 Fahb. 


* * ** 4 * 


After the experiment. 


jobs* per cent. 

No, 5. 1^24^0 T 747per cent.« Specific gravity, 5*85$ at 62°*6 Fahr. 

Also two perfectly einwitti ^> 0 ^, ^51 *92 grains, and the second 

weighing 256*18’grains, werevdeprived^bf iMr,energy; the first suddenly ia the air-bath 
^calorimeter at 60° Fair., and the second gradually by suspending it in boiling 
^ 01irS( xhe first one lost 10*8 grains =4*28 per cent., and the, second 
per-cent .; aftdanother bar, weighing 266*18 grains, was immersed 
to boiling ^thirty wimnf« -*- 

j\ V >j ^ if f 
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hours i the bar was then, taken out ; it held lost the whole of its heating power, find 
weighed 276*6 grains = a loss of 0*26 per cent, in weight. 

And 2nd. If two pieces of active antimony are suddenly discharged, and from any cause 
the temperatures they acquire are different, the amounts of vapour they evolve are also 
different; thus a quantity of thin fragments was divided into equal parts of 180 grains 
each; the first was placed in a fine brass wire-gauze basket with a wire-gauze lid, and 
raised qu ickly to a temperature of 163°*0 Faiie. in the air-bath, and then at once discharged 
in the open air at 60° Fahe., by momentary contact of a heated wire; and the second 
portion, placed in the same basket, was surrounded by ice and cooled to 34° Fahe., and 
similarly discharged in the air at 60° Fahe. ; the former evolved its heat instantaneously, 
and lost 8-86 grains, or 4*916 per cent, in weight; and the latter discharged feebly and 
much less rapidly, and lost 6*40 grains, or 3*00 per cent. It appeal’s from these various 
experiments that the evolution of vapour is not a cause nor even a necessary consequence 
of the change, but only occurs when the temperature of the substance during the dis¬ 
charge is considerably raised; and it makes no difference whether the requisite tempe¬ 
rature is acquired by means of internal heat or by heat from external sources. 

76. In all instances, and these were very numerous, the heat from the discharge alone 
was insufficient to expel more than three-fourths of the contained liquid, and in those* 
instances, whether of sudden or gradual discliargc, the remainder, making a total in 
each case of upwards of m per cent., was always readily expelled by fusing the metal in 

a test-tube. 

£ Influence of temperature upon the amount of heat evolved. 

77. Two similar bars were taken, No. 1 weighing 267-21 grams, and No. 2 weighing 
246*90 grains: the first was placed in the wire-gauze basket and cooled to 34°*0Fahe», 
then at once transferred to the calorimeter (which was at 67°*6 Fahe.), and instantly 
discharged; the second was also placed in a similar basket and heated to 167°*16 Fahe. 
in the air-bath; the basket and bar were then instantly lowered into the calorimeter 
(which was at 67 0, 76 Fahe.), and at once discharged; the calorimeter of the former 
attained a maximum temperature o£67°-86 Fahe. in nine minutes, and of the latter a 
maximum of 69°*4 Fahe. in the same period. The following are the various specific heat- 
values in water of the substances, See, 


No. 1. 


Antimony.25721 groins (sp. heat =0*06812) =16*285 grains of water] Baised from 34 o, 0 to 

&am basket .(sp. heat =0*0989 ) = 6*242 grains of water J Fah».= 88*35 degrees. 

j ' 22*477 grains of water 

r i i j s i , 

* 1 * 4 \ ^ r 

Immersed part ef tube of calorimeter (sp, heat=0*1770)j= 28*718 gri. of water) £ POm 
Mercury of ihemomstet...... (sp. heat=O*088 )= 2'Q70„ 8rs. of water ^ ^*85 PauS) 

Portiott of .ton hs»t=0'1770)f= 8’«00 grt. ofw«er ’ _ ftJm i n ' 

Water of oalorimetea? 

* - - i 1 f ^78*152 grk. of water 
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The thennic discluugo in (hU case m rather feeble and flow, and the loss of mpmii 
was 7-79 giarns = 3'02 per cent. The amount of heat evolved by the tar m wflkirat 
to raise the temperature of its own weight of ordinary antimony (of specific heat O’OCOH) 
038*022 Farr, degrees. 


Antimony 
Brass basket 


No. 2. 

215*00 grains (&p boat—O 06312)=15 521 grtuus ofwulor 
(hp lioat=0 0930 )= 0 310 graiuti of water 

21807 gittimi of wilier 


Poll from Lr>7° 15 to G0 f 1 
Pauk =sb7 75 <l<‘grt oh 


ImmeiHod part of glivaR tube of calorimeter (sp boat =0 1770) 
Mercury of tboimoinclor ( 4 1> boat =0 033 ) 

Portion of etoni of thormomotor (sp boat—0 1770) 

Water of calorimeter 


28 718 gin. of water 

2 070 grs of water 

3 000 gra of water 

773 272 gis ; 


Hoho irmu 57° 75 
to GO t Fmu 
sal l (15 (legret *» 


bOkOOO gre. of water 


The discharge in this iuMunce was instantaneous and powerful, and tlio loss of vapour 
was 18*00 graiiib= 6*311 per cent. Tlie amount of heat evolved by the bar was suili- 
oient to raise the temperature of its own weight of ordinary antimony /«$«*» 8^J 1 at lit. 
degrees* It appears from these experiments that the amount ol heat evolved by the 
peculiar change of antimony varies with tlio temperature at which the discharge occurs, 
and is greater at high temperatures than at low ones, similar to the specific heat of 
substances. These experiments also confirm the previous ones (70.) with regard to the 
ab sence of relation of the amount of evolved heat to that ol evolved vapour \ if the 
amount of heat varied with the amount of vapour, it would, in tlio second of these 
experiments, have been sufficient to have raised the temperature of the given weight of 
ordinary antimony 1009*64 ’Fahr. degrees, instead of 732-829 degrees. 


g. Chemical composition of the active substance. 

78. The deposited metal has been repeatedly found by chemical analysis to contain, 
in addition to ter chloride of antimony and hydrochloric acid, small portions of nearly 
all the impurities which existed in the anode and in the depositing liquid The small 
portions of gas and carbon observed in former experiments of fusion (58* 54.), appeared 
to be due to enclosed traces of tartar-emetie decomposed by the heat. 

79. To exclude the possibility of the peculiar property of electro-deposited antimony 
being dependent upon the presence of impurities, I purified antimony and toroxido of 
antimony for the anode and solution by several methods. 1st. Some very pure tartar- 
emetic was projected, in small portions at a time, into a red-hot assay crucible; and the 
resulting mass of antimonide of potassium removed when cool, triturated with distilled 
water until all the potash and carbon were removed, and after drying fused with a little 
uy&nide of potassium. 2nd. Some of the best quality of commercial antimony was very 
ffioufely pulverized and boiled with pure sulphuric acid, the coolod crystalline sulphate 
washed first with cold and then with hot distillod water until all traces of iron disap- 
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peared, then heated with a weak solution of ammonia, and finally washed with 
distilled water until all traces of sulphuric acid were removed, and thoroughly dried at 
about 300° Fahr. Some of the oxide thus formed was reduced to the metallic state 
by fusion with cyanide of potassium. 3rd. Best commercial antimony, also electro- 
deposited grey antimony, was very finely pulverized, the powder boiled nearly to dry¬ 
ness with pure nitric acid, the mass well washed with distilled water, and the process 
with the acid and water repeated several times to remove iron, copper, and lead; the 
dried residue was then heated to redness as long as vapours were evolved, and reduced 
by fusion with twice its weight of cyanide of potassium. And 4th. A hot solution of 
pure tartar-emetic was precipitated by solution of ammonia, and the resulting teroxido 
washed with abundance of hot distilled water and dried, 

80. Several depositing liquids were prepared by dissolving the purified oxide in pure 
hydrochloric acid to about two-thirds’ or tliree-fouxths’ saturation; using the purified 
metal as anodes, and sheets of platinum as cathodes. The oxide and metal prepared 
by the second method were used much more extensively than either of the others. 
With each depositing liquid an abundant deposit of bright black antimony was readily 
obtained in the usual manner, and the deposited metal possessed the usual structure 
and peculiar heating power, and evolved the usual vapour during the change. 

81. Analyses of two different specimens of the pure unchanged substance deposited 
from a solution composed of 3 parts of pure hydrochloric acid saturated with pure oxide 
of antimony and then 1 part more of the acid added, yielded the following results. 
The first specimen was deposited more rapidly than the second. 


Sb . 

sb,a* 

H,a 


No. 1. 

. 08*86 

. 0-46/ 

99-80 


Sb . 

sb,a* 

H.C1 


No. 2. 

. 98-51 

. e-os 1 ! 

. 0-21J 


a 6-24. 


99-76 


* * 

A trace of water contained in them was not estimated. 

82, The method of analysis was as follows i—a tube of German glass, nearly talf on 
inch in diameter and 12 inches long, closed at one end, was bent to the annexed figure; 

, the closed end was heated, and 200 grains of unchanged 
antimony, in small fragments, was introduced, a single ^ 
ferment at a time, to discharge the heat safely ; the 
m$tal was then gradually heated to fusion and collected in A, whilst the semisolid 
-distillate collected in B; the two were then separated by fusing the tube at 0. The 
distillate was dissolved in a solution of tartaric add, and the amount of terchloride of 



* It is worthy of 'grey antimony deposited in ft* Cjy*talHne' itate;ft*om the tartaric arid 

solution (2.)r contains mfiy a qda^tlfcy of enclosed liquid, similar to'the delusion of impurities from 

v s L \ f } v 


-i ) 
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antimony contained in it dotcimined as sulphide by sulphuretted hydrogen, nud after 
separating the excess of sulphuretted hydrogen from the ffltrate by adding solution o 
sulphate of sesquioxide of iron and filtering, tlie total amount of chlorine was dotenumed 
as chloride of silver; the amount of cldoiinc duo to the leichlorido found was then 
subtracted, and the remainder estimated as hydvochloiic acid, 

h. Is the peculiar change of mitimny necessarily attended by a chemical change? 

83. To ascertain whether during the act ol gradual discharge the acid teichloride of 
antimony contained in tho substance passed from a state of stronger combination with 
the metal to a state of weaker combination, I took 200 grains of unchanged antimony 
powder, placed it in equal portions in two small flasks, added to each 000 grams of 
distilled water; immersed one of the flasks in boiling water during thirty minutest, to 
dischargo the heating power of its metal, and then replaced the evaporated water; 
added 50 grains of tartaric acid and 100*85 grains of hydrochloric acid to the contents 
of each flask, and allowed both vcBselb to remain at 00° Faub. during two (lays. The 
two liquids wore then separately Altered, the contents of the filters washed with equal 
quantities of a solution of tartaric acid, the washed residues dried, the filtrate's pr<*- 
cipitatcd by sulphuretted hydrogeu, and tho precipitates washed and dried. 1 he con¬ 
tents of the hoatod flask yielded 93-16 grains of metallic residue possessing no healing 
powor, and 4*20 groins of procipitalod torsulphido of antimony; the contents of tin* 
othor flask gave 97*24 grains of rosiduo possessing tho heating powor, and 1*77 grain 
of torsulphido, I have also found on othor occasions, when tho powdered active sub¬ 
stance had lost its peculiar property with extreme slowness (see 86.), and its weight 
and chemical composition had remained unaltered, that tho tovcldorido of antimony 
contained in it was much more completely and easily extracted by means of solvents 
than whilst the powdor retained its heating power. No appearance of mechanical 
mixture of ter chloride of antimony with metallic antimony could be detected in changed 
powder by means of & powerful microscope. 

84. From these observations it appears, that during the act oven of gradual dis¬ 
charge, the terchloride of antimony changes from a state of moro intimate to a state of 
less intimate union with tho metal; but whether that change consists of diminished 
chemical ., or simply diminished mechanical union, I havo boon unable to ascertain. 

i. Cm the teroUoride (tfemtimmy h separated without destroying the heating property? 

85. Several portions of the unchanged powder were digested in strong hydrochloric 
acid, solution of tartaric add, and in strongly alkaline liquids for lengthened periods of 
time, at the atmospheric temperature, with an expectation of extracting at least the 
greater portion of the terchloride and retaining the whole of tho heating powor; but it 
was found that in every instance the heating property gradually diminished, and in 
about jox ox seven months entirely disappeared. The loss of boating powor was not 
alone due (if at all, see 86,) to the abstraction of the terchloride by the solvents, because 
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it occurred in those samples from which only about onc-half of the terchloride had been 
dissolved, as well as in those from which'the whole had been extracted (see also 52.). 


j. Does electro-deposited antimony gradually change? 

86. Other portions of each of the samples of powder used in these experiments (85.) 
were enclosed in well-stoppered bottles, and kept during the same period (seven months) 
in a cool place not exposed to sunshine; in each instance the heating power entiiely dis¬ 
appeared, and the powder became somewhat oxidized and acquired a slightly acid odour 
from partial separation of the terchloride; several other samples of equal age behaved 
similarly. Dr. Percy has also obtained similar results by placing the active powder in 
a capsule over strong sulphuric acid for several months. Some active powder, exposed 
to strong daylight during two months, still retained a heating power. Coarse granules 
of the active substance lost a large portion of their power in seven months: and solid 
bars, nearly a quarter of an inch thick, which had been formed several months before, 
and had been more exposed to the atmosphere, were also found to be slightly but 


distinctly weakened. 

87. From these and other observations, it is certain that electro-deposited antimony 
undergoes a gradual change or decomposition even at 00° Fahr., attended by a dimi¬ 
nished union between the terchloride of antimony and metal, and gradual and complete 
loss of its peculiar heating power, similar to its change in heated air at 100° Faiir., or 
in boiling water (88,), but much more slowly. It also appears that the substance in u 
finely divided state loses its heating power with much greater rapidity than when in a 
massive form; in the former case it requires only a few months, while in the latter case 
it requires at least several years (26.); but whether this difference is due to the difference 
of cohesion or to the difference of amount of exposed surface of the substance* I have 
not ascertained. 

k. 


88. A small quantity of mercury in & gutta-percha capsule, was made the cathode 
in the tartaric acid solution (2.), and a deposit of grey antimony formed upon it; a pecu¬ 
liar appearance and disappearance of metallic films upon the surface of the mercury 
occurred on discontinuing and renewing the electric current, apparently caused by 
deposition of films of antimony and absorption of the films by the mercury; this was 
repeated many times until accumulation of antimony in the mercury interfered. By 
passing a continuous feeble electric current into the mercury, a compound of that 
metal and antimony, of a pasty consistence, was formed, which gradually spread (in an 
arborescent form interspersed by , warty excrescences) by capillary action fill over the 
inner aik outer. surfaces of the small capsule, and transferred the remaining fluid mer¬ 
cury over the jaf ^he capsule into the depositing vessel. If ordinary chloride of anti¬ 

mony was substituted fertile tactaric acid liquid, the whole of the deposited blade bright 
antimony remained unabaorbed upon the sur&c*e~of the mercury, and exhibited the 
cohesive action (17.) strongly, aad% m was sufficiently thin. 
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89 In addition to the liquid already mentioned (‘3.) for obtaining grey crystalline 
antimony, the grey metal may be readily obtained by partly saturating hydrofluoric 
add with tartar-emetic or oxido of antimony, and acting upon the liquid in the usual 
manner. Also by placing fragments of antimony with 2J parts of hydrofluoric acid in 
a gutta-percha cup, and adding to them in small portions at a lime about one part of 
nitric acid; and when the metal has ceased to dissolve, electrolysing the solution by a 
battery of moderate power. Each of these liquids yields crystalline antimony heel), 

but in neither instance has tlio metal the peculiar heating property. 

90. The best liquid I have yet found for forming bars, &e. of the act ho "saiict), is 
composed of one avoirdupois ounce of tcroxide of antimony (or of oxychloride of anti¬ 
mony) dissolved in five or six ounces by measure of pure hydrochloric acid of up. gr. 1 * 12 . 
Bars arc formed by depositing the substance upon narrow strips of shoot silver, the 
edges of which are enclosed by vertical borders of white wax. To remove safely the 
bars from the moulds within which they are deposited, the latter are placed (after being 
well washed with water and the aid of a soft brush) upon a surface of gutta percha in 
ice-cold water, and the walls of wax carefully removed in portions at a time. Incon¬ 
venient projections of the metal ore removed by moans of a small pair of nippers in 
minute portions at a time, with the greatest caution, hi the cold water, (kiting action 
with this tool is apt to discharge the heat of the metal, whilst alow lever action will 
frequently romovo projections one-twelfth of an inch thick with safety. 

L Becapitulation, 

91. UVom the experiments and observations recorded in this paper, it appears—that 
the heat evolved by electro-deposited antimony is not clue to cohesive action ((>&), nor 
to alteration of the specific heat of the substance ( 00 .):—the temperature at which the 
sudden discharge occurs varios from 170° to upwards of 212° Faijr. (09. 70.):—tlic total 
amount of heat evolved by electro-deposited antimony is usually sufficient to raise the 
temperature of an equal weight of ordinary antimony about 050 Faiir. degrees (70.):— 
the evolution of vapour of terchloride of antimony is not a ca/use but on effect of the heat 
( 75 ) : —the amount of heat evolved is greater at high temperatures than at low ones 
( 77 .), similar to the specific heat of substances:—the active substance consists of about 
98*5 per cent, of antimony, 6*0 per cent, of tcrcbloride of antimony, 0*8 per oent. of 
hydrO 0 bloric add, and a trace of water (81.); it is also liable to contain traces of nearly 
aB the impurities of the anode and of the depositing liquid (78.):—the discharge of heat 
is always attended by a diminution of attraction between the metal and its associated 
terchloride of antimony (84.)y~the terchloride of antimony cannot apparently be ex¬ 
tracted without destroying the heating property of the substance (85.):—and by lapse 
of time the active substance invariably loses its heating power, especially if it is in a state 
Of minute division (87.). 
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XXXII. On the Megatherium (Megatherium Americanum, Cuvier and Blumenbach). 
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Superintendent of the Natural History Departments in the British Museum, 
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In the description of the hones of the hind limbs of the Megatherium I commence with 
the ilium, as being the homotype or correlative of the scapula in the fore limb. The 
ischium, which is the homotype of the coracoid, is confluent with the ilium, as the 
coracoid is with the scapula: the pubis, which is the homotype of the clavicle, is con¬ 
fluent with both the ilium and ischium. All tho three bones on both sides become 
confluent with the sacrum, and form therewith a single compound bone—the pelvis— 
which is the largest known amongst recent or extinct terrestrial Mammals, and gives tho 
most striking feature to the skeleton of the present gigantic extinct Sloth. 

As a like progressive ossification brings to pass a similar state of the pelvis in tho 
A wn!! existing Sloths, the limits of the primitive bony constituents of that of the Mega¬ 
therium can only be determined by analogy with the pelvis of its modem congeners, 
studied in individuals at a period of immaturity. This I have had the opportunity of 
doing in the young of the Bradypus tridactylus^ prior to the completion of the coales¬ 
cence of the several bones. 

„ The five vertebra composing the sacral part of the pelvis of tho Megatherium have 
been described in a former memoir*, treating of the vertebral column to which they 


belong. 

The iliac bones (Plate XXXVII, *>, and Philosophical Transactions, 1866, Plato, 
XXIII.), as they extend from their place of anchylosis with the sacrum, expand in 
depth and breadth; their anterior plane is directed forward, being almost vertical and 
at right angles with the axis of the spine. Each ilium, after contributing its share to 
the acetabulum (a), rapidly contracts to an obtuse point bent downward and outward. 
The two bones, in a front view, resemble a pair of broad outstretched wings at tho 


sides of the fore part of the sacrum. The anterior surface is slightly concave, but is 
undulated, with many sharp ridges that have penetrated between the fasciculi of the 
mnsetes thereto attached. The ‘ labrum,’ or upper and outer convex border of the ilium, 
fe touimall/thick and rugged; the under concave border is also rugged* but is thin, 
and ;in some-pa^s*h#p. On the inner side of the acetabulum there is a well-defined, 
raised and very Surihce (p) for the insertion of the tendon of a powerful 

‘psoas 1 muscle* , yu’ ,'*■ -/ ^ t ■; 

# « Ontha B*t ll.1851, p, 878. 
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The outer suifiice of the ilium is slightly concave near the sacrum, and is llieii come's 
in the direction of its longest diameter, which is fiom within outwards; in other 
directions it is nearly flat: its siuface is much broken by muneious intei must ill, ir 

ridges. 

The pubis (Hate XXXVII. bi) is very slender where it foims the anterior border of 
the ‘foramen ovale’ (o), but expands at its extremities, and ospechill) wImw itcoalesces 
with the ischium to form the produced and pointed ‘symphysis.’ The extent of this 
symphysis is 10 inches in a stiaight lino. 

The pelvis, as in the Sloths and othci Brut a, shows the comeision of the is< hiadie 
notches (i) into foramina by the anchylosis of the isehia with tho postmoi suoml 
vertebra) (s). Each iscliium, a , as it ovtonilb fiom its continence with tlie sacrum, 
expands into a broad smooth plate of bone, bent outward and forward, then contracting 
as it converges inwaid towards its fellow, to combine with the pubic bom's at the sym¬ 
physis. Tbe hindoi bonier, forming the tuberosity, »>•», is thick mid nigged; and two or 
three perforations here indicate the original lino of its separation fiom the sacrum, The 
part of the ischium which joins tlie pubih on th(» sacral side of the foramen civile presents 
on its inner rarfaco the usual oblique channel leading to that ibinmen. 

Among tlie existing wpocios of the Order Bbuta. the Sloths alone rewunblo the Mega¬ 
therium in the expansion of the iliac bones, but this U much less in comparison with 
the length of the trunk; the iliac expansion is rdatively grenUnr in the Megatherium 
than in tho Elephant, and is associated with a much greater proportionate size of the 
whole pelvis and of its cavity or channel. 'Ubo extreme breadth of tlie pelvis of a large 
Asiatic Elophaut is 3 feet 8 inches, whilst in the Megatherium it is upwards of G feet. 

The pelvis which Cuvnui was led to snupoct, from the defoofcivo condition of its fore 
part in the Madrid skeleton, to bo naturally open anteriorly, as in tho Myrmcophaga 
tyidactyla, is closed anteriorly, as in tho Sloths, by a * symphysis pubis’ of short extent. 

The acetabulum (Plate XXXVII. fig. 2) presents a Ml oval shape, with tho lower 
margin bisected by a narrow and deep ‘Haversian’ groove, which extends, slightly 
expanding and becoming more shallow, to near the bottom of tho cavity; the outer 
division of tho lower border of the groovo is most produced* Tho largo and deep 
tfsetabulfrlook downward and a little outward. One diameter of tho homUphoroid 
ttidty fc 8tehest the other diameter is T inches; it therefore presents a plane surface 
Square inches, whack, multiplied by 15, with the barometer at 80 inches^ 
givte ahcMMM atmospheric pressure upon the Mp^oint of the Megatherium. 

The sizte mtd sttaagth si Iks ordjaary processea of the pelvic the breadth of the 
rough labrum of the ihac banee^ and hie numerous awl weUrdedned intermuscular 
ereBts, indicate the unusual sfee and vigw cI the muscular masses which proceeded 
from the pelvis in different directions to neiragKw the trank and fore limbs and upon the 
tM?hmi>» and tail. They lead to the conviction that the resistance which demanded 
such forces for its overcoming must have have been of a very different nature and 
degree from fog that now opposes itself to the labours of the existing vegetable feeders 
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when engaged in supplying their daily wants; whence it may be inferred that the 
exertion of such forces was associated with equally peculiar habits in the megathcrioid 


animals. 

The femur of the Megatherium (Plate XXX.VIII. fig. 1) is one ot the most massive 
limb-bones in the Ma. mmn.1mn class; from its proportions it might rank with the * fiat 
instead of the ‘ long* bones, but that its thiclaiess would rather bring it into the category 
in which the carpal or tarsal bones are placed according to the old anatomical character 
derived from shape. 

The head (Plate XXXIX. fig. 1) would be a smooth hemisphere, but that the antero¬ 
posterior diam eter somewhat exceeds the transverse one. Its surface is unimpressed, 
and its periphery uninterrupted, save by a small entering notch at the middle of its back 
part, into which possibly some ligament like the ‘ hgmnmtnm tern" may have boon 
implanted. The neck of the femur is short and ill-defined; the upper contour passes 
from the head to the summit of the great trochanter (Plate XXXVIII, #), which is on 
the same level, in a slightly concave line; the inner contour of the bone descends with 
a somewhat deeper concavity from the lower periphery of die head to the shaft. This 
is flattened from before backward, and presents a slightly oblique twist, tlic head and 
the outer condyle being on a plane anterior to the trochanter and inner condyle. The 
great trochanter presents a broad rugged surface, flattened obliquely from above 
downward and inward, divided into two somewhat flattened facets by a transverse ridge 
arching upward. The lower facet contracts as it descends, and is continued into the 
strong outer ridge which descends to the external condyle. The thick rough border 
of the rest of the trochanter stands out beyond the contiguous parts of the femur; least 
so at the upper, and most at the back part of the process, where the border defines 
outwardly a small but deep trochsnterian fossa (ib./). This fossa is bounded below by 
a small tuberosity. The small trochanter is Tepresented by a tough ridge, 6 inches 
long, 2 inches broad, occupying tho middle third of the shaft a Httleunterior to its inner 
border. A few shorter longitudinal ridges occur on the fore part of the shaft between 
the upper end of the small, and the upper and fore part of the great trochanter, The 
rest of the anterior surface of the femur is smooth, concave lengthwise, slightly convex 


transversely. 

The bock part of the femur presents a small low tuberosity below its middle part, 
near the inner border; the triangular surface between this tuberosity, the head, and the 
great trochanter, is smooth and fiat. The contour of the back part of the femur, from 
■tee head to the outer condyle, is convex; that from tee trochanter tetee inner condyle 
is tee lower half of the back part of the shaft is convex transversely, - The 

tee. femur (Plate XXXIX, fig/2) presents two uriicuto surfeoe*, tee inner 


.ene (ibw i) condyle, tee outer one being teo'Ccmbined ectocon- 

dyloid (4 and toixLittf p) internes. The latter is extensive, and, imafoe s a semicircle 
from before backward, but JBOtular portion 

is slightly oommi ateteaiaaer side; tee oondyloid 
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portion is slightly convex transversely, in which direction the extent is scarcely 31 inches. 
The entocondyloid surface (/) is of newly twico that breadth; is of a remionn shape, 
and is convex in every direction. The intcrcondyloid channel is roughened by decuv 
sating ligamentous impressions and ridges, with some vascular pits. Its narrowest part 
is anterior, and measures an inch and a half across; posteriorly it is u inches across. 
The intercondyloid border of the inner condyle is sharply defined and projects below 
the lovd of the canal, that of the outer condyle is mostly on a le\el with the canal. 
The surface of the canal meets the hind surface of the lemur at almost a right angle, 
the intervening ridge being rounded off The fore part of the inner eondj ie stops short 
of the fore part of tho shaft; the back part of the condyle projects t inch hejond the 
back port of tho shaft The process or prominence above the inner condyle (mimitht 
mtocmdybidea , Plate XXXVIII. ic) forms an obtuse angle, the lower side of which 
is rough, rather flattened, and expands as it descends towards the articular part of the 
condyle. The outer condyle does not project so far back as the inner one; its Niipro* 
condyloid pr ominon co (so) is larger, of a similar angular form, but is bent forward as 
well as outward. 

In tho Elephant, Mastodon, and Diprolodon, tin* shaft of the femur is flattens! from 
before backward; but tho length of tho femur so Jar exceeds its breadth, that, strong 
as tho thigh-bones of these (juatlmpedB are anti well-proportioned to tin* weight tiny 
hod to sustain, thoyappenu* weak audeveu slender when placed by the side of the femur 
of tho Megatherium. Tho Rhinoceros, which has the thigh-bone relatively broader 
and flatter than in the proboscidian pachydonns, differs more markedly from tho Mega¬ 


therium in the prosouco of tho third trochanter. 

The shaft of the femur is moro or loss flattened in all tho species of Ih'ula ; hut the 
Oryctcropus and Armadillos, in which this characlor is conspicuous, differ, like the Rhino¬ 
ceros, from the Megatherium in having the third trochanter. This process is not present 
in the Pangolins (Ma/m), Antoators (Mymxecvplwja) or Sloths (Mmlyptis ); but in all 
these genera the femur is* relatively longer and moro slender than in tho Megatherium, 
and only the Sloths amongst existing Mammals, not marine, repeat the remarkable mega* 
therioid character of tho absonce of a medullary cavity in the shaft of tho femur. 

The general characters of tho femur of tho Megatherium arc most closely repeated in 
tbp£ of the Mylodon* and SceJidothoriumf. In those goncro, however, instead of tho 
shallow hatch, there is a deep and .prolonged fossa for tho ligamentum tores on tho 
middle of the hjnd border of the head of tho bono. The post-troohanterian depression, 
is relatively larger in the Mylodon, tho small trochanter is relatively loss and higher 
placed; the whole femur is longer in proportion to its breadth, and the distal expansion 
is relatively less. Mere, also, the articular surfaces offer a woll-marked character of 
distinction; tho rotular articular surface is continuous with that of both condyles, and 
them anteriorly. 


, * * Owwr * On the Mylodon robwto*,* 4to, p, HI. pi 17. 

* * if lb** I'osttl Mstnirialia* of the * Yoyage of the Beeglo,’ 4to. pi 25. fig, 5. 
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From the cast of a distal epiphysis, transmitted by Dr. Harlan to the Museum of 
the Royal College of Surgeons, London, as of the Megalonyx, it would appear that this 
extinct megatherioid offered a thn’d modification of the knee-joint, the rotular surface 
b eing distinct from those of both condyles. Thus the knee-joint of the Mylodon must 
have had one large synovial capsule, that of the Megatherium two, and that of the 
Megalonyx three such sacs. 

The patella (Plate XXXVIII. fig. 2, and Plate XVII. w, Philosophical Transactions, 
1856) is a strong, thick, subtrihedral conical bone, with the base rounded, and also the 
angle between the two rough outer sides. In the natural position of the bone the base is 
uppermost, and chiefly composed of a strong tuberosity coarsely and irregularly striated. 
at the lower half of the outer surface the striee have a longitudinal and subparallel 


direction, giving that part of the bone the appearance of an ossified fibrous ligamont. 
On the inner and broadest side the articular surface occupies the upper two-thirds: it 
is less distinctly divided by a median longitudinal rising into two channels than in the 
Mylodon, being more nearly level and uniform. The non-articular surface below the 
joint is irregularly grooved and perforated by vascular canals. 

The fabella * or post-tibial sesamoid bone (Plate XVTI. or', Philosophical Transactions, 
1856), is a smaller subhemispheric bone, with a circular, slightly concave articular surface, 
which was applied to part of the outer condyle ot the femur; the rest of tho surface is 
rough and fibrous, indicative of the imbedding of the bone in a flexor tendon of the leg. 

The tibia and fibula (Plate XVII. m, a?, tom. dt.) become auohylosod together at both 
extremities in tho Megatherium: they aro both short, and tho tibia presents massive 
proportions corresponding with those of the femur. Its proximal end (Plato XXXIX. 
fig.' 8)presents two distinct and well-marked articular surfaces; the inner one (i) is concave, 
the'outer One (e) is convex: the extent of these surfaces corresponds with the breadth 
of the articular part of the outer and inner femoral condyles respectively. The back 
part of the otiter facet which bends downward affords an articulation (f) to the fabella. 
The rough interspace between the articular surfaces is a little concave transversely, and 
convex from before backward; its breadth equals that of tho outer surface; it devdopes 
no Intercondyloid process for crucial ligaments. 

The fore part of the proximal end of the tibia presents a large irregularly triangular 
rugged protuberance for the ligamentum patelhe; the back part, below tbs outer con¬ 
dyle, developes a smaller but more prominent rugged process, the apex of which over¬ 
hangs the upper part of the interosseous space: between this 6 post-tibial 1 process and 
the rough inner border of the hone there is a deep and wide longitudinal channel 
inclining ft little obliquely to the interosseous space. The shaft of the tibia gradually 
contracts to its . middle, and as gradually expands to its distal end. It is subcompressed 
from before backward * is smoother behind than in front: there is a longitudinal 
channel on each tide the hack part of the lower end of the tibia, Which forms a con¬ 
vexity between them. . 


» 4 » -p 1 - -’i ? * * 
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The anteiior suifacc is divided by a ridge extending obliquely from tlu* rolulm pro- 
tubcrance to the inner malleolus: the urn-face on the iibular bide of this ridge in smoother 
than the other, which seems to have been wholly given up to mubeulo-tendiuouh attiieh- 
mente. The inner malleolus (Plate XXXIX. fig. 4, m) is a slight expansion below the 
confluence of the inner and oblique anterior lidgeb: it does not project below the loud 
of the distal articular bui-face. 'diis is deeply concave, and is cliuded into two facets by 
the deepen* hemispherical excavation near its inner side for the reception of the inner 
protuberance of the astragalus: this excavation (r) gives to the larger and shallower 
iacet (i) a full crescentic figure. The smooth surface is sometimes continued upon, 
sometimes interrupted by, a narrow tract from tin* vertical sm’faee upon the malleolar 
end of the fibula, winch surface ib appli(*d to the outer facet of the astragalus. ^ fhere 
is a small orifice for a mcdullaiy artery at the middle of the back part of (be tibia, but 
it does not open into any modullary cavity: the bone is cancellous throughout. 

The fibula is thickest at its upper end, where it lias a trihedral fonu; the outer surihec 
is convex and rough, the inner and hinder surfaces are eoucau* and smooth, meeting at 
a sharp interosseous border directed obliquely backw ard: this border is slightly thiekeued 
and produced at its middle pari, where the shaft of the fibula is compressed: it 
augments in thickness and resumes its trihedral sliupe as it detrends, mid terminates 
in a moderately produced outer malleolus (/) with a very rugged surfaet*, except where it 


articulates with tiie astragalus. 

In the Mylodon, oh well as in the Megalonyx and Boelidothoriuua, the tibia and fibula 
continue separate, a fact affecting the value of the evidence which Covittit deduced from 
their anehylosod condition in the Megatherium iu favour of its affinities to the Arma¬ 
dillos, to which this structure is peculiar amongst existing MumnialM. l$ut, since it is 
known only in the order JBruta , it forms an interesting additional proof of the essential 
relations of tho huge extinct animal under description to thut now unomulous group of 
Mammals. The tibia of the Mylodon is proportionally shorter mid thicker thou in tho 
Megatherium: the outer articular surface at the upper end is of a subcdrcular ibnu 
and slightly concave: in the Megalonyx it is convox, but in a loss degree than in tho 
Megatherium. The lower articular surfaco in both Mylodon, fcJeolidotlierium, and Mega- 
tenyx, presents the additional facet for tho fibula. Tho hemispheric excavation on the 
ride of the distal articulation is relatively larger in the Mylodon than In tho Mega- 
tiMrinito.' ffMs law^votion, with the concomitant protuberance of tho astragalus, is peou* 

in which so secure an interlocking of 
the foot with the kg'ba^eahs some habits peculiar to them, connected with the require¬ 
ment of unusual resistance in the test to the forces acting upon it from the leg and 
thigh 

In the scries of existing animals Man presents the plantigrade foot in which the 
Wisjfht of tho body presses most nearly upon tho crown of the tarsal arch; but, in the 
Megatherium, owing to tho length of tho heel and the shortness of the toes, the leg 
transmits the ^uperiarmtnhent weight nearly upon the middle of the foot. So singularly 
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shaped and adjusted, however, are the tarsal bones in' the Megatherium, that the tibia 
articulates with the side instead of the summit of the tarsus, so that the whole foot is 
turned inward and rests upon its outer edge instead of its' sole (Plate XLI. fig. I, and 
Plate XVII. cl, a, Philosophical Transactions* 1855). 

The number of tarsal bones is reduced to six, through the absence of the entoccmei** 
form*; but the astragalus, and especially the colcaneum, arc developed to a great 


raze. 

The astragalus (Plates XL. & XLL fig. 1, a) is of a peculiarly irregular form: if the 
foot be placed with the sole flat on the ground, as in Plate XL., the chief articular 
surface (a) for the tibia looks inward, and the small fibular facet, at right angles there¬ 
with, is uppermost The extensive surface by which it articulates with the bones ot the 
leg is divided into three parts, the planes of which are at right angles to each other. 
The middle and largest division (a), answering to the outer ridge of tho trochlear 
surfe.ee in t he common form of astragalus, is hero expanded into a broad reniform 
smooth tract, horizontal in the'ordinary'position of the Megatherium’s foot (Plate XU. 
fig. 1, a), almost flat from before'backward, convex from side to side. This surface is 
continued over the outer edge upon the outer side of tho bone, in a triangular form, with 
the apex rounded off, to form the facet (o) for the fibula. The surface answering to the 
mry in p&xt of the troclilea and its inner malleolar facet in ordinary astragali, is here 
reduced to a small triangular convexity (ib* & Plate XL. fig. I, i), forming tho third and 
internal division of the surface, and supported on what appears to be an obtuse pyramidal 
process from- the inner and lower part of the bone. This convexity is wedged into tho 
deeper excavation on the inner port of Hie tibial articular surface, and forms a kind of 
pivot on which the foot worked. 

, xhe under or calcaneal side of the: astragalus dopes from behind downward and 
forward* m3 is divided) by aw ofcliqtte' groove, about an inch broody into two focets; the 
outer and posterior one- is for the 1 colcaneum excltisively; the inner and anterior one is 
for the calcaneum* but is continuous with the' surface for tho naviculare. The outer 


calcaneal surface is' ovate, concave lengthwise; convex across its posterior broader end* 
nearly flat at its anterior end. Tho inner calcaneal' surfhee is of much less extent and 
is nearly flat; its anterior end suddenly bends forward and upward to bo continued into 
the outer convex part of the navicular surfece, which- surface is divided into this convex 
portion and a- contracted) subcircular concavity. The lower part of tho convex facet rests 


upon an eortieulfer concave surface cm the cuboides.. 

, Only' a small proportion of the outer surface of the astragalus is non-ar tinular,. and this 
fo &u& p on the outer; or, in the megatherian. position of the fbet, the upper surfoce 
^ ^ The groove' dividingr the calcaneal; surfaces begins at their lower 
mk inwaxsd, mth^riaghttmcmiiud bends, wtobgive it^the form 
of the italic ^ wwteflr ete»vat% the imder port 

*&&& bq&ma&r diskLiug part of the 
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inner calcaneal facet from the naviculo-cuboid surface. Both this channel and the 

calcanea l one are perforated by conspicuous ■vascular canals. ^ 

The calcaneum (Plates XL. & XII. fig. 1, h) is a long Irregular pyramidal bone, 
with an obtuse apex: tho base is obliquely truncated, forms the foro part of tin* bone, and 
supports two articular surfaces (Plate XLI. fig. 2): the upper and outer surface (as) is 
ovate, concave where that on tho astragalus is convex, and we tenth the oblique 
channel which divides this astragalar surface from the astrogalo-cuboidal surface (at/) is 
as deep as in the astragalus, and, like it, is perforated by vascular canals. Tho slightly 
concave triangular inner astragalar facet (ad) is continued below, at an obtuse angle, 
into the semiclliptic slightly concave surface (cb) for the oh cuboidos. External to the 
astragalar facet a strong vertically extended tuberosity (Plato XU. fig. 1, 0 forms the 
fore part of a wide and deep tendinal canal (n)\ a narrow and feeble ridge bounds it 
behind; a second and more shallow groove (v) succeeds; and, behind this, is ft wide and 
deep vascular perforation (w). The under part of the calcanetun in very nigged aud fiat. 
The obtuse hinder extremity of the licel-boue shows by its sculpturing and the out¬ 
standing osseous bpicuke, the force with which the attached oable-lihe 1 teiulo Aclullis 
must have acted on so unusually produced a calcaneal lever. 

Tho os navicularo (Plates XL & XLI. fig. 1, e) is a transversely oblong bone, com¬ 
pressed from before backward. Its posterior surface i« occupied by the articulation for 
the astragalus, wluch is equally divided into an inner concavity and an outer convexity, 
tho latter approaching the conical form. Prom the lower part of this ih continued at a 
right angle a small flat triangular surface for tho cuboides (Hate XT* fig. 8, cb"), Tho 
upper non-articular surface is narrowest at its middle, and is d( v velopod into a low oblong 
tuberosity on each side. On tho foro part of the bone (Plato XL. fig. 3) is the articular 
surface, divided into the narrow oblong tract (owt), with two slight convexities, for the 
mesocuixeiforme (ib. fig. 1, f) t and into tho almost fiat triangular tract (fig. 3, cf) for tlio 
ectocuneifonne (fig. 1, e). The latter surface (fig. 8, ci) is divided by a very narrow nou- 
articular tract from the cuboidal surface (fig. 8, cb"). The inner (tibial) port of tlio 
anterior surface is non-articular, and extends beyond tho mesocuneiform articulation to 
where the entocuneiiforme would have been, had that bone existed in tlio tarsus of tho 
Megatherium. 

The mesocuneifoxmo (Plates XL. &XU. fig. 1, f) is a laterally compressed reniform 
wife a thick tough convex inferior border: the inner (tibial) surface (Plate XI* 
fig. lj f) is irregular and flattened: the similarly modified outer (fibular) surface 
(Plate XL. fig. 2,/) is varied by a flat elliptic articular fecet (4U) near its upper part, 
for a similar surface on the side of the metatarsal of the * digitus medius.’ Tho back 
part of the bone is chiefly occupied by the narrow surface for tho navicularo. The fore 
part of the bone is obtuse and rough. Not a vestige of the toe (digitus seeundus), 
tURuatyy supported by tho mesocuneifome, is developed in tho Megatherium. 

ectocuneifonne (Plates XL. & XIX fig. 1, e) prosents the normal wedge-like 
figure of fee tarsal cuneiform bones. It is flattened from before backward; with its 
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thick base (e) rough and convex. The posterior surface presents the almost flat, slightly 
concave articular surface for the naviculare. The outer border or surface is rough and 
tub er ous j the one less rough and flat* The anterior convex facet (Plate XL* 
fig. 2, Hi) for the base of the metacarpal does not extend to the upper or under borders 
of the bone. The articulation with the contiguous cuneiforme, as with the cuboides, is 
by syndesmosis. 

The cuboides (Plate XT.T. fig. 1, d) presents an articular surface divided into three 
facets on its upper, or tibial, and back part; the anterior and smallest facet is for the 
naviculare (c), the middle and largest for the astragalus (a), and the posterior for the 
calcaneum (tb ): the latter surface is at almost a right angle with the astragalar one, and 
looks backward. On the under, or fibular, and fore part of tho bone is the articular 
surface for the two outer metatarsals; that for the fourth too (Plate XL. fig. 2, iv) 
b eing concave transversely and slightly convex lengthwise; that for tho fifth toe (ib. v) 


being uniformly but very slightly convex. 

A broad non-articular surface, rough and with two oblique low ridges on the upper 
and outer part of the bone, divides tho back from the front articular surface; a narrower 
non-articular tract, but produced into a strong obtuse ridge, divides the same surfaces 
on the inner or under side of the bone. The fore part of the bone is produced into an 
angular process (Plate XL. fig. 2, p), which forms the inner part of the articular channel 
for the fourth metatarsal. The under part of tho bone is impressed by tho broad 
groove continued from that which impresses the outer part of tho calcaneum. 

The abovc-describcd composition of the tarsus of the Megatherium has been deduced 
from tho study of three entire specimens of tho bones of tho hind foot; and it demon* 
strates that the digits of that foot were but throe in number, and that they answered 
to the ■ third,’ <fourth/ and ‘ fifth" of the pentadactyle type. Not a rudiment of tho 
second 1 exists, and every vestige of the first, together with tho buneiform bono support* 
ing it, is absent. There are no little bones missing on the inner side of the e mosocunei* 
forme/ as Dr* P-AKdbr conjectured might be the case in the Madrid skeleton; and there 
is no 4 os cuneiforme ’ for the hallux (* grand doit du pied *), as Cuvier supposed. 

MGtccbw&wr --The metatarsal of tho 4 third’ toe (Plates XL* & XLI» fig. 1, 
resembles rather an * os cuneiforme,’ by reason of its extreme shortness, or fore-and-aft 
compression. Its upper non-articular surface is the broadest, and is rough and convex, 
like that of the ectocuneiforme. Tho proximal or posterior surface for that cuneiform 
bone is triangular and slightly concave (Plate XLI* fig. 8, ci); the bone is prolonged 
* into a tuberous process beneath it, forming a lever of advantage for the insertion of ft 
dlsxor tendon. On the inner side of the bone, at its upper part, is the small flat surface 


ym} Rafted to that on the mesocuneiforme; bn the outer side of the bone is a, large# 
surface, partly, convex, ^ pkttly concave, for articulating with the side of the base of the 
fourth Ag< 1 ,«n}* the rest of the outer,aurftbe is very irregular, 

as if honeycombed, tfchfc nr .anterior articn^ surfaCe presents a Vertical median 

ptbmMence, pidbgf it**- ftad Mo r % vertically concave 

jttncooiax. ’ V’ ‘ 1 
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surfaco externally. The lower part of the vertical prominence in incut produc'd {lb. 
fig. 2 , p). 

The fourth metatarsal (Plate XLL fig. 1, m 4 ) has its base compressed laterally, and 
expanded vertically; hut the distal end is still more produced in that direction, so as 
to be almost hammer-shaped. The vertically extended articular surface at the base of 
this metatarsal is narrow, convex transversely, and adapted to the channel in the 
cuboidcs (Plate XL. fig. 2 , p tv). On the inner or tibial side of the base is the articular 
surface, concave posteriorly, less convex anteriorly, for the interlocking joint with the 
“third’ metatarsal. In front and below this articular surface is a "very rough honey¬ 
combed tract of bone for firm syndcsmotic junction with the similarly modified mu face 
of the third metatarsal 

On the outer or fibulor side of the base arc two articular surface's for the fifth meta¬ 
tarsal: the hinder and smaller one is fiat, and is continued, at right augh'h, with the 
basal surface; the larger surface is subcircular and rather undulating: in front and 
below these surfaces is a narrow rugged tract for ligamentous junction with tho fifth 
metatarsal The part of tho shaft of the fourth metatarsal which stands out free is 
smooth upon its inner and upper sides, is traversed by a wide oblique iendiual groove 
below, and is rather rough and irregular externally. 

The vertically produced distal surface presents a largo rough protuberance at its upper 
part (Plato XL. fig. 1 , ii>), and three protuberances at its under part, of wlucli the 
innermost is the most produced, the outermost tho least. The articular surface resem¬ 
bles in character that on tho end of tho third motatarsal, but is relatively smaller; it 
consists of a longitudinal median prominenco, continuous with a smooth narrow tract on 
the inner side, on which surface articular cartilage and synovial membrane seem to have 
existed at only a small part at its lower end. On tho outer side, the smooth tract is 
limited to the upper half of tho prominence; this is slightly concave vertically or length- 
wise. R is a form of articulation calculated rather for firm and unyielding junction 
than for flexibility. 

The outermost metatarsal (Plate XLI fig. 1, m #), answering to the fifth of tho pouter 
dactyle foot, is the longest, but from its more backward articulation with tho tarsus it 
does not reach so frr forward as the fourth. 

pmriatal end is a free rough tuberosity, somewhat more than an inch anterior 
tibial side, is the oval slightly concave articular surface adapted to the 
bwMds* fig- «), which surface is continuous with the short transverse 

flattened sorffcee fee the fomrth metatarsal; and, in advance of this, is the larger, sub¬ 
circular, slightly undulated surface for the corresponding surface on tho fourth mota- 
taisaL The second surface is m the middle of the inner surface of the fifth metatarsal, 
and is bordered in front and beneath by the wy rough honeycombed surface for 
Bgsojent^ junction with the adjoining motatarsal This combination of synovial with 
joi nts admits of that degree of alight olastic movement of the vary firmly 
•ttfsMi.frmrii mad fifth metatarsals, which must have fiunlitatodthe heavy frH 1 of the 
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ponderous quadruped, and have alleviated the effect of the enormous pressure on the 
two gradatoriai toes. The whole outer and under part of the non-articular surface of 
the fifth metatarsal is strongly sculptured by irregular ridges, tubercles, grooves, and 
foramina, indicative of the hoof-like callosity of the outer border of the sole in which it 
was chiefly imbedded. The upper and inner non-articular surfaces are comparatively 
smooth. The inner side is flat, and is traversed by an oblique shallow (tendinal 1) groove. 
On the dieted surface are two small articular facets; the inner one, which is the best 
marked, is subcircular, about 8 lines in diameter. 

Phalanges .—The bones of this class are unusually reduced in number in the foot of 
the Megatheri um, even admitting the accuracy of the figures of the hind foot of the 
Madrid skeleton, in which two stunted phalanges appear to terminate both the fourth 
and fifth toes. For, as the great ui%uiculate toe, like that of the fore-foot, has only 
two moveable phalanges, the total number of these bones is but six, not exceeding that 
of the tarsal bones of the same foot. 


The phalanx (Plate XLI. figs. 1 & 3, i&s) of the innermost toe (m), answering to the 
third of the pentadactyle foot, represents, as in the corresponding digit of the fore foot, 
the proximal and middle phalanges connate. The compound bone ($. fig. 3, i & a) is 
shaped like a wedge with an oblique edge, deeply notched. It has articular surfaces 
not only on its proximal and distal ends, but upon its upper or dorsal surface. The two 
former surfaces, which are the 1 ends * of the bone in ordinary phalanges, hero form tho 
‘sides' of the wedge: the sides of the phalanx are the ‘margins’ of tho wedge: the 
dorsal surface forms the base, the plantar or under surface is represented by the two 
processes of the cleft apex or edge of the wedge. The proximal articular surface presents 
a longitudinal channel, convex vertically, concave transversely, from which a fiat sur&ce 
extends from nearly the whole of the tibia! side* and a convex sur&ee from the upper 
part of the fibtdar tide? the whole articular surface being the counterpart of that on 
.the metatarsal (ib. with which the present remarkable bone is, by this interlocking 
Joint, firmly united. The lower prominence of the median rising of the distal joint of 
the metatarsal (jp) protrudes through the lower notch m tire phalanx (#). A yielding^ 
elastic, sHghtly-tiiding movement was all that could take place between those bones. 
The complex distal articulation is adapted to an equally restricted junction with the 

); it consists of four distinct articular surfaces, two on the 
anterior and two on the upper part of the connate phalanges (i & *)♦ The internal of 
the two distal surfaces is the largest and is slightly concave, the external one, near the 
upper and outer angle of the bone, is slightly convex; they are divided by a rough tract, 


indicating strong ligamentous union with the claw-phalanx, of half an inch hi breadth; 
attft tbj^'WSer the smaller proportion of the distal surface of the bone. Below the 


efiter articnlaf strfMe there is a protuberance, with a smooth butnon-eynovial surface 
M ^ uMdapted to a definite smooth stoftfe upon the daw- 

?Vlan*.; m dimeter. 


very slightly convex, am aboutf; 


5 >Ss ’ 


t \ 
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The great terminal phalanx: of the present toe (Plates XL & XXL mV, ■) is modified, 
homotype on the fore foot, for the firm fixation and development of a powerful 
claw, the hollow base of which covered the bony core, and was encompassed by a bony 
sheath of 6 inches in length. 

The base of the phalanx, whence both core and sheath extend forward, is a surface of 
a long, narrow, vertically elliptical form, with the upper third produced backward so as 
to overhang or cover the confluent supporting phalanges; and the lower third sloping 
forward at nearly the same angle with the vertical middle third, but terminated by a 
backwardly projecting ridge. There are two articular surfaces on the middle division, 
two on the upper division, and one on the lower division of the base. The innermost 
of the middle articulations is slightly convex, the outermost as slightly concave; they 
both look directly backward. The lower articular surface is flat and subcircular; it is 
on the hinde r and outer angle of the lower third of the base, and looks downward and 
a little backward; the two small surfaces on the upper third of the base axe subcircular 
and flat, and look downward: these different articular surfaces are counterparts of tho&o 
on the distal and upper parts of the connate phalanges. On each tide of the lower 
third of the base of the daw-phalanx is a largo canal, leading forward to tho interspace 
between the bony core and sheath of the daw, and giving passage to tho vcssols and 
nerves of the formative matrix of that instrumoni The tibial side of tho sheath 
(Plate XL fig. 1,.) is gently convex; the fibular side (Plato XLL fig. 8,») is flatter: a 
similar modification affects the daw-core, the narrow basal part of which is divided by 
sharp borders from the sides. The point of the core projects about 8 inches in advance 
of the lower border of the sheath: its form, broken in the specimen, is restored in 
dotted outline in the figures. 

The distal articular surface of the fourth metatarsal shows that it supported a phalanx 
so articulated with it as to have no movements of flexion or extension, and only a slight 
degree of bending from side to side. The illustrations of the Madrid skeleton, especially 
plate 5, fig. 6, show that this phalanx (Plate XLL fig. 1, w, i) was very short, and that 
it supported a second phalanx (ib, fo, *) of a subhemispheric form, terminated obtusely. 

The distal articular surface of the fifth metatarsal indicates that it supported a pha¬ 
lanx smaller than the proximal one of the fourth toe; and the figure, above cited, of the 
Madrid skeleton shows such a phalanx (ib. v, i), and also a second small stunted hemi¬ 
spheric phbl&flx (ib.«, a)* * and this, from the analogy of the Mylodon, is most probably 

If we contemplate the hones of this singularly constructed foot in their natural 

* In the original memoir, by BJhj and G-xusigi, (M the Skeleton of the Megatherium at Madrid, the 
metatarsus and toes of the hind foot are said to agree with those of the fbro foot, except that there is only 
ene toe with a daw, instead of three (“TamWen s« advievte qua en este hay solo un Defo con nfia, quando 
en brMtma se registrars ties j en lo demas oonyienen en nn todo,” p, 16). In the description of the outer* 
tijttffe (fourth developed) toe of the fare foot it is stated that it has two phalanges, and that there is 
ju>$jnglo be remarked except that they are rounded (“Xiob dos Mdanges del quarto quo se reconooett en 
J. yjj. no tfancm eott quo advextir masque son oasxiedandae,’ r p< 18). 
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co-adaptation, the same relation of the osseous masonry to the transference of pressure 
from the leg to the outer border of the foot will he appreciated, as has been pointed 
out in the fore limb. The broad surface of the astragalus—the great keystone of the 
tarso-metatarsal arch (Plate XLI. fig. 1, a )—transmits the superincumbent weight in two 
chief directions, backward upon the massive heel-bone (5), forward upon the metatarsus. 
By the naviculare (c) it is transmitted through the cctocuneiforme (e) and the produced 
outer angle of the base of the mid-metatarsal (m a) to the fourth (m 4 ), and thence to 
the fifth metatarsal (??t 5 ). The cuboides (d), receiving the weight from both astragalus 
and navicularo, transmits it by its produced fore part to the base of the fourth meta¬ 
tarsal ; and partly by that medium, but chiefly by direct articulation, to the side of the 
base of the fifth metatarsal. . The tendency in tho cuboides to yield under this pressure 
and slip back, is resisted by tho abutment of tho colcanoum (5, t) against its back part. 

Comparison of the Bones of the Bind Foot, 

No known recent Mammal offers in its astragalus any repetition 6 f tho peculiarities- 
of that bone in the Megatherium. In the Antcaters and Armadillos the upper surface 
of the astragalus has the usual configuration, and is received into a deep tihio-peroneal 
mortice. In the Sloths the outer part of tho astragalus is excavated by a deep cell, in 
which tiro pivot-shaped end of the fibula rotates: tho inner side iH applied, as usual, 
against a malleolar process of the tibia. There is an analogy in the pivoted part of the 
articulation, but the process and the cavity are on reverse parts of the ankle-joint, ns 
compared with the Megatherium. 

Tho convex protuberance or pivot on the inner half of tho fcibial surface of the astra¬ 
galus is common to all the extinct Megathcrioids hithorto discovered, but it is asso¬ 
ciated with well-marked modifications of the bone in each genus, and with minor 
differences in different speries. In the Mylodon* the caloaneal surface is single, and is 
continuous with the navicular one; no part is insulated by a bisecting groove, as in 
the Megatherium; the middle division (a) of tho upper articular surface is less convex; 
the upper half of the navicular surface is flat, instead of being concave* 

The astragalus of the Scelidothorium f agrees with that of the Mylodon in the less 
depth of the middle division of the upper surface, and tho more open angle at wliich it 
joins the inner convexity; it agrees with that of the Megatherium in the division of 
the calcaneal surface; but it differs from both in the presence of two deep concavities 
upon the naviculo-ctiboid surihee, the portion to which the cuboides articulates being 
concave instead of convex, 

modification of the calcaneal surface of the astragalus governsthat of the 
co-adapiwl gwface in' the oaloaneum, this bone, in the Mylodon, is dfcrtinguiahed by the 
oninteerupted ;eontinuity of the articulation presented to the astragalus, with which 

^ ph. 2l, 22, & 28* 

t" 


* "Dncriplaon of ttft'jUJMft M 

1 ^ ¥ ^ ' * 'V ^*3** > « -j, ^ r ■* # ^ T 

t » Possil Mb&wJV 1 uV) > r.'' • 
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that for the cuboides is continuous; the posterior part of the ostiagalai suifaco is loss 
convex than in the Megatherium: the posterior prolongation of the calcancum is lda- 
tivdy shorter and is less pointed: the posterior wall of the great outer tcndinal groove 
is more developed in the Mylodon. In the SceKdotheriwn the posterior termination of 
the calcaneum is broader, and terminated by a less angular convoxity than in the Mylo¬ 
don; but in the separation of the posterior from the anterior part of the astragalar 
surface it agrees with the Megatherium and with the Sloths. These, of all lcccnt 
Bmta, most resemble the Megatherioids in the posterior prolongation of the calca¬ 
neum, and more especially the Megalonyx in the compression and distal expansion of 
that lever; but, in the Megalonyx, this expansion in the vortical direction is extieme, 
and gives the heel-bone more the form of an os ilium than of a tarsal bone. 

In the os cuboides of the Mylodon the two surfaces for the fourth and fifth metatarsals 
are nearly on the same plane; in the Megatherium they are nooily at a right angle. 
In the Scelidotherium the surface by which the cuboides joins the astragalus is convex, 
instead of concave, as in the Megatherium and Mylodon. In the latter genus the sur¬ 
face on the os naviculare for the mesocuneiform bone is relatively broader than in the 
Megatherium; and the upper division of the astragalar surface is flat, instead of being 

convex. 

With respect to the digits, it is significant of the true affinities of tho Megatherium 
to find that the Sloths alone amongst the existing JBruta show a suppression of certain 
toes: in all the other bating genera of tho order the bind foot retains tho typical 
number of digits. 

The Armadillos, including the CMmfflKoms, resemble the Megatherium in tho ter¬ 
minal confluence of the tibia and fibula; but these bones articulate in the Dasypodidm 
in the normal way with the astragalus, and the foot is planted firmly on tho ground by 
its flat surface. The hallux is not only present in the ClilfmjfflhtfruS) but is longer than 
the fifth toe. All the five toes are armed with claws; and anomalous as the threo-toed 
hind feet of the Sloths may appear, they have mote real resemblance with the foot of 
the Megatherioids than have those of any of the Armadillo family. The great extinct 
Gtyptodon agrees with the CMamyphmts in the pentadactyle condition of the hind foot, 
the os naviculare having three facets for as many cuneiform bones, the innermost of 
which supports a weUnfovdoped hallux. This toe is abortive in existing Sloths, and is 
Vy a small compressed bone, consisting apparently of the connate ento- 
e tf nrf fh i bl it retains its distinctness in the Uhau, as the similar repre¬ 

sentative of the second toe does in the Megatherium; and the meSo- and ecto-cuneiform 
bones are also distinct; btd in the Ai each ccmerfbrm bone is confluent with its meta¬ 
tarsal, with each other, with the navienkre, and with the cuboides. 

In the Megatherium, the mutilation of the fbot has commenced on its outer side by 
the-removal of the ungual phalanx from the fifth and fourth toes; in the Sloths the 
mutilation is restricted to the fifth toe, but is carried further, viz. to the removal of aH 
the phalanges and. the reduction of size of the metatarsal; nevertheless, the Sloths alone, 
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amongst existing Bruta, manifest in any degree the characteristic megatherioid condition 
of the extreme toes of the pentadactyle series: and the minor modifications of this cha¬ 
racter, differentiating the existing from the extinct phyllophagous Bruta, are such as 
intelligibly relate to the different powers and habits of creatures so different in size and 


mode of progression. 

The mutilation of the two outer toes in the Megatherium is accompanied by modifi¬ 
cations which adapt them to the important office of the support and progression of the 
body on level ground * in the sconsorial Sloths, the three middle digits being equally 
developed for prehen sile purposes, and none being needed for walking, one toe on the 
outer and one on the inn er side of the foot is reduced to the metatarsal basis, and is 
concealed beneath the skin. In the Megatherium the hallux and its cuneiform bone 
are wanting: the second toe is represented by its cuneiform bone, with, perhaps, a conr 
nate ru dimen t of a metatarsal: only the third toe can be compared, by its size and the 
daw it supports, with the condition of the three ungmculate toes in tho Sloths; and, 
like those of the Ai, it has but two moveable phalanges. The reduction of the claws 
to one in the hind foot of the Megatherium, its enormous size and strength, its secure 
attachment to the phalanx, and the solidity of the articulations of the constituent bones 
of the whole toe, relate to the contrasted mode of obtaining the leafy food in the 
colossal extinct Sloth as compared with the diminutive climbing species which still 
exists. If tho hind foot were put by the Megatherium to the preliminary work of 
exposing and loosening the roots of the tree about to be prostrated, its efficiency for 
that purpose would be greater by having but one claw, than it it had two or three: for 
the single claw, like a pickaxe, would clear away the soil from the interstices of the 
root-ramifications, the more easily by not being associated with a second contiguous 
qlaw, impeding such operation by striking upon the root itseifi 


' f „ i » *■ 

Physiological Sammy ,, 

To sum up the results of the foregoing descriptions of the known fossilized parts of the 
extinct giant, of the order JBruta, s* indicative of its habits and affinities* The teeth" 
agree in number, kind, mode of implantation, and growth, with those of tho Slotit 
(Bradypus)) and their structure is a modification of that peculiar to the same genus* 
All the modifications of the skull relating to the act of mastication, especially the large 


and complex malar bones, repeat the peculiarities presented by the existing Sloths. 
There are the same hemispheric depressions for the hyoid bone in the Megatherium as 
ja the Sloth. In the number of cervical vertebr®, the Megatherium, like the Two-toed 
with the Mamnudia. g pirffinely e. In the accessory articular surfaces afforded 
by t&# apepefbyse* end pwapophyses of the Mndear dorsal and lumbar wtebwef, the 
M^)rn*mm±w^ h«± it does not resemble the 

asofopopfeyses, the peeeliw^ w hich 

.•Mbs' - tmMTOlawdy 

;| JW, m*XXXX %*.2d, ie. 
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in those loricated Bnrta has a direct relation to the support of their bony dermal armour. 
In the mesozygapophyses of the middle dorsal vertebrae*, the Megatherium is pecu- 
liar amongst Mammalia. In the small extent of the produced and pointed symphysis 
pubis it resembles the Sloths; and in the junction of both ilium and ischium with the 
sacrum, it manifests a character common to the Edentate order; but in the expanse 
and massi veness of the iliac bones, it can only be compared with other extinct members 
of its own pec uliar family of phyllophagous Bruta. The habits of the Megathere 
necessita ting a strong and powerful tail, we find this resembling in its bony structure 
that of other Bruta with a similar appendage, especially in the independency of the two 
hmmapophyses of the first caudal, a character which obtains in the Anteatersf and in 
some Armadillos; but this is no evidence of direct affinity to either of those familiesi 
tiie habits of the small arboreal Sloths render their eminently prehensile limbs sufficient 
for their required movements, and the tail is wanting. Had that appendage been pro*- 
portionally as large as in the Megatherium, we cannot suppose that the caudal vertebras 
Would have materially differed from those of other JBruia. 

In the coalescence of the anterior vertebral ribs with the bony sternal ribs, the Mega* 
theriunt resembles the Sloths. This essential affinity is still more marked in the pecu¬ 
liarities of the scapula and of the carpus. In the MyrmcoplutgajubaU, the scaphoid is 
distinct: in the Mams it coalesces with the lunaro: in the Basypm gigaa the tmpezoides 
is anchylosed to the second metacarpal: in the Bus, sewcinctus it has coalesced with tiie 
trapezium. Not any of these characteristics are manifested by the Megatherium; its 
carpus repeats the peculiarities of that in the Sloths, viz. the reduction of- the number 
of carpal bones to seven by the coalescence of the scaphoid with the trapezium. The 
first digit (pollex), which is retained in the Anteaters and Armadillos, is obsolete in the 
Megatherium, as in the Sloths and Orycteropus; three digits are fully developed and 
-armed with daws, as in the Bradyym iridactylus; and the fifth, though incomplete in 
the Megatiierium, is better developed, because it was required in the ponderous terres- 
&&&&&& for its progression on level ground. In np existing ground-dwelling member 

' b£ tiie j Bryta is the fifth digit deprived of its ungual phalanx, as in tiie Megatherium* 

, bones oftiie tote foot of that’ extinct animal are thus seen to be*modified mainly 

. ■* 


after the type of the Bradypodidce, 

of all the limbs are devoid of medullary cavities, as in the Sloths*. thft 
rim) iihrin, fiiii'Ji inn in 11m Sloths. The fibula issmobyhWrto the 
jPptiimitirtTiinyhj Hffl but tins is not m the dosely- 

&Uied tModdh, a fact 




’ which dhnin^hWfrom the coalesced 
/, iohdition of the 3©f itsafRxdties to the Armadillos, 

^l^sentihiverted but firm of the hind foot ta the'leg ahows 

!W%i%^Whsadti6S of that joint in the Sfe»ths exaggerated,'and departs farther ftom its 
' in, otjier BnM, In all the existing members at the order, save the 


* 

1 
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Sloths, the hmd foot is pentadactyle, and four of the toes have a long claw, even in tiro 
little arboreal Myrmecophaga didactyla : the departure by degradation from the penta¬ 
dactyle type is a peculiar characteristic of the Sloth-tribe in the order. It is carried 
further in the same direction in the Megatherium and other great extinct terrestrial 


Sloths. 

Guided by the general rule that animals having the same kind of dentition have the 
same kind of food, I conclude that the Megatherium must have subsisted, like the Sloths, 
on the foliage of trees; but that the greater size and strength of the jaws and teeth, 
and the double-ridged grinding surface of tho molars in the Megatherium, adapted it to 
bruise the smaller branches as well as the leaves, and thus to approximate its food to 
that of the Elephants and Mastodons. The Elephant and the Giraffe are specially 
modified to obtain their leafy food ; tho one being provided with a proboscis, and the 
entire frame of the lofty ruminant adapting it to browse on branches above the reach of 
its largest congeners. If the Megathorium possessed, as Cuvijsb conjectured, a proboscis, 
it cann ot, judging from the suborbital foramina, have exceeded in size that of tho Tapir, 
and could only have operated upon branches brought near tho mouth. Of tho use of 
such a proboscis in obtaining nutritious roots, on the OuYiorian hypothesis that such 
formed tho sustenance of the Megatherium, it is not easy to speculates the Hogs 
snout might bo supposed to bo more serviceable in obtaining those buried parts of 
vegetables; but no trace of the prenasal bone exists in tho skull of the Megatherium. 
A short proboscis might be useful in rending off tho branches of a tree when prostrated 
and within reach of the low and broad-bodied Megatherium, but this office has been 
provided for by the organization of tho tongue, of which, both the hyoid skeleton by its 
strength and articulation, and tho foramina for the muscular nerves by their unusual 
area,, attest the great size and power* - j 

As regards the limbs, the Megatherium differs from the Giraffe and Elephant in the 
unguiculate character "of certain of its toes, in the power of rotating the bones of tho 
fore arm, in the corresponding development of supinator and entoeondyloid ridges on 
the h umer us, and in the possession of complete clavicles. These bones 1 are requisite -to 
give due strength and stability to the shoulder-joint £br varied actions of the fore arm, • 
as in grasping, climbing, and burrowing. But they are not essential to scansorial or 
fossorial quadrupeds: the Bear and the Badger have not a trace of clavicles, and merely 
rudiments of these bones exist in the Babbit and the Fox. We must seek, therefore, 


in the other parts of the organization of the Megatherium, for a due to the nature of 
the actions by which it obtained its food. In habitual borrowers the daws can be 
in the same plane as the palm, and they are broader than-they are deep. In 
Oxeli&gfttherimn the depth of the daw-phalanx exceeds its breadth, especially in the 
large one ot the iodddle ffhger; and not any of the daws can be extended into a line 
with the all more or, less bent inward aaddownWard, Thus, 

although they m^ht d jfer o^sional acts qf are 

better adapted the frxre foot militates against 


JfDOCOLEC. 


tjj' ■., 
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the hypothesis of PjUidbb and D’Amon* that the Megatherium was a burrowing 


animals 

The sam e structure equally shows that it was not, as Dr. LuND'j' supposes* a scansoriol 
quadruped; for, in the degree in which the foot departs from the structure of that of 
the gr i *Bfa‘ , ng Sloths, it is unfitted for climbing; and the outer digit is modified, after the 
ungulate type, for the exclusive office of supporting the body in ordinary terrestrial pro¬ 
gression. It may be inferr ed from the diminished curvature and length, and from the 
increased strength and the inequality of the daws, especially the disproportionately 
large size of that weapon of the middle digit, that the fore foot of the Megatherium was 
occasionally applied by the short and strong fore limb in the act of digging: hut its 
analogy to that of the Anteaters teaches that the fossorial actions were limited to the 
removal of the surface-soil, in order to expose something there concealed, and not for 
the purpose of burrowing. Such an instrument would he equally effective in the dis¬ 
turbance of roots and of ants; it is, however, still better adapted for grasping than for 
, delving. But to whatever task the partially unguiculate hand of the Megatherium 
might have been applied, the bones of the wrist, fore aim, arm, and shoulder, attest the 
prodigious force which would be brought to hear upon its execution. The general 
Organization of the anterior extremity of the Megatherium is incompatible with its 
being a strictly scansorial or exclusively fossorial animal, and its teeth and jaws decidedly 
negative to idea of its having fed upon insects; to two extremes in regard to to 
length of to jaws are presented by to phyllophagous and myxmecophagous members 
of the order find to Megatormm in to shortness of its toe agrees with to 


Sloths. 

Proceeding, then, to other parts of to skeleton for the solution of the question as to 
how the Megatherium obtained its leafy food, it may be remarked that the pelvis and 
limbs of to strictly burrowing animal, a g. the Mole, are remarkably slender and 
feeble, and toy offer no notable development in the Babbit, the Orycterope, or other less 
ppwerftd excavators. In the climbing animals, as, e, p., the Sloths and Orangs, the hind 
JUgs to, much, shorter than the fore legs-; and even in those Quadrumana in which the 
AptoeusUe tril is euparadded to the sacrum, to pelvis is hot remarkable for its to, or 
Ijhe expansion of its iliac bones. But, in the Megatherium, to extraordinary bulk and 

bf to pelvis and hind limbs arrest to attention of the least ourious 
to pbjstfotogiflt eminently suggestive of to peculiar powers 
•Stopk; to, m&ww pelvis* was-to centre whence muscular 

fcfeto Ipoa to'toto to tail* and to bind legs, 
and also by to . f to foci being adapted for 

scratching as well as forgtopia& in removing to earth from 

of to tree and detaching tom from to so£U but to hindfoot, winch, lake a 
had, but one strong perforating and digging pointed weapon, was more pro* 

i- 1 + 

.KwOtltter,«o.fot 1821,p.IS. ' " • .* • 

. fte iBbto fortomTaltoing, af to. 

-S, * 
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bably the instrument mainly employed in removing the earth from the ramifications of 
the root The fore limbs, terminated each by three claws, appear to have been more 
especially adapted for grasping the trunk of a tree; and the forces concentrated upon 
them from the broad posterior basis of the body must have cooperated with them in the 
labour, for which they are so amply organized, of uprooting and prostrating the tree. 
To give due resistance and stability to the pelvis, the hones of the hind legs are extra* 
ordinarily and massively developed, and the strong and powerful tail must have con¬ 
curred with the two hind legs in forming a tripod, as a firm foundation for the vast 
pelvis, thus providing adequate resistance to the forces acting and re-acting from and 
upon that great osseous centre. The large processes and capacious spinal canal indicate 
the strength of the muscles which surrounded tho tail, and the vast mass of nervous 
fibre from which those muscles derived their energy. The natural co-adaptation of tho 
articular surfaces shows that the ordinary inilection of the end of the tail was backward, 
as in a cauda fuldens y not forward, as in a eauda prehemHis, Dr. Lund’s hypothesis, 
therefore, that the Megatherium was a climber and had a prehensile tail, is destroyed 
by the now known structure of that part. 

But viewing the pelvis of the Megatherium as being the fixed centre towards which 
the fore legs and fore part of the body were drawn in the gigantic leaf-eater’s efforts to 
uprend the tree that bore its sustenance, the colossal proportions of its hind extremities 
and tail lose all their anomaly, and appear in just harmony with the robust clavieulatc 
and unguiculate fore limbs with which they combined tlioir forces in the Herculean 
labour. 

Finally, with reference to the hypothesis of tho German authors and artists* of tho 
gradual degeneration of the ancient Mogatherioids of South America into the modem 
Sloths, it may be admitted that the general results of the labours of tho anatomist in 
the restoration of extinct species, viewed in relation to their existing representatives of 
the diff erent continents and islands, have been such as might naturally suggest the idea 
that the races of animals had deteriorated in point of size. Tims the palmated Megoceros 
is contrasted, by its superior bulk, with the Fallow-deer, and the great Cave-bear with the 
actual Brown Bear of Europe* The huge Diprotodon and Nototherium afford a similar 
contrast with the Kangaroos and Koalas of Australia, as do the towering Dinorms and 
Palapteryx with the small Apteryx of New Zealand. But the comparatively diminutive 
aboriginal tynimak of South America, Australia, and New Zealand, which ore the nearest 
allies of the gigantic extinct species respectively characteristic of such tracts of dry land, 
are specifically distinct, and usually by characters so well marked as to require a sub- 
generic division, and such as no known outward influences have been observed to pro¬ 
duce by progressive alteration of structure. Moreover, as in England,*£or example, our 
Moles, Water-voles, Weasels, Foxes, and Badgers, are of tho same epedes as those that 
coexisted with the Mammoth, Tichorhine Bhinooeros, Cave Hyaena, Bear, &c.; so likewise 
the remains of smell Sloths ^d / Arraad^ w found $a$odated with the Megatherium 
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and Glyptodon in South America; the fossil remains of ordinary Kangaroos and Wom¬ 
bats occur together with those of gigantic herbivorous Marsupials in Australia; and 
there is similar evidence that the Apteryx coexisted with the Dinornis in Now Zealand. 
I have been led, therefore, to offer the following suggestions as moro applicable to, or 
explanatory o$ the phenomena than Lamarck’s progressive hypothesis of the origin of 
species by transmutation*, or Buffon’s retrograde hypothesis by degradation^. 

“ In proportion to the bulk of an animal is the difficulty of the contest which, as a 
living being, it has to maintain against the surrounding influences which ai c over tending 
to dissolve the vital bond and subjugate the organized matter to the oidinory chemical 
and physical forces. Any changes, thcrefoic, in the external circumstances in which a 
species may have been adapted to exist, will militate against that existence in probably 
a geometrical ratio to the bulk of such species. If a dry season be gradually prolonged, 
the large Mammal will suffer from the drought sooner than the small one; if such 
alteration of climate affect the quantity of vegetable food, the bulky Herbivore will first 
feel the effect of the stinted nourishment; if new enemies arc introduced, the largo and 
conspicuous quadruped or bird will fall a prey, whilst the smaller species might conceal 
themselves and escape. Smaller quadrupeds arc usually moro prolific than larger ones. 
The actual presence, thereforo, of small species of animals in countries where the larger 
species of the same natural families formerly existed, is not to be ascribed to any gradual 
diminution of the size of such laxgor animals, but is the result of circumstances which 
may he illustrated by the fable of the c oak and the rood;’ tho small animals have 
bent and accommodated themselves to changes under which the larger species have 
succumbed^” 


Explanation of the Plates. 

PLATE XXXVn. 

Pig. 1. Side view of the pelvis; one-fifth the natural size. 

Pig. 2. The acetabulum. (By permission of the President and Council, from the speci¬ 
men presented by Sir Woodbine Parish, K.H., to the Museum, of the Royal 
College of Surgeons.) 

PLATE XXXVm. 

Pig. 1. Back view of the left femur. 

Pig. 2. Back view of the left patella. 

One-third the natural size. 

»v * 

\ t * Philosophic Zoologigue, 8vo. 1809, tom. i. oh. tn. 

* t EQstoire NatmoUe, 4to. tom. iv. (1766), “Degeneration. des Animaux," p. 811. 

X “Oh the genus Dinornis ” (part 4), Transactions of the Zoological Society, voL iv. p. Iff. 
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PLATE XXXIX. 

Pig. 1. Proximal end of the femur. 

Fig. 2. Distal end of the femur. 

Fig. 3. Proximal end of the tibia. 

Fig. 4. Distal ends of the anchylosed tibia and fibula. 

One-third the natural size. 


PLATE XL. 

Fig. 1. Tibial side of the bones of the foot. 

Fig. 2. Front view of the two cuneiform and the cuboid bones. 

Fig. 3. Front view of the navicular bone, and parts of the astragalus and calcaneum. 

One-half the natural size. 


PLATE XLI. 

Fig. 1. Upper view of the bones of the foot. 

Fig. 2. Front new of the calcaneum. 

Fig. 3. Fibnlar side of the bones of the great unguieulato toe. 

Ono-ludf the natural size. 

The letters and figures on the several Plates are explained in the text. 
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XXXIII. Cmductihility of Mercury and Amalgam. By F. Crace-Calvert, Esq., F. C.8., 
Mm. Boy. Acad, of Turin, &c. dec., and Richard Joiinson, Bag., F.C.S., Mem. Phil 
Soc. of M anchester. Communicated by Professor Stokes, Sec. B.8+ 

Received April Id,*—Raid Mny 10,1860. 


We have the honour to lay before tho lloyal Society the second port of our paper on 
the Relative Powers of Metals, Alloys, and Amalgams to conduct Heat. Having in our 
former paper described our experiments upon metals and their alloys, we now give the 

results obtained with mercury and amalgams. 

The method followed in the investigations described in this paper is the same as that 
detailed in our former one. When the amalgams were solid, we melted and cast them 
in square bars, and died them down until they were 1 c. m. square and 0 c. m. long { 
but when the fwnnlgniw was fluid, we introduced it into tho small iron box (sec former 
paper, Philosophical Transactions for 1868, p. 364) and determined its conducting 


power. 

Before stating the results obtained with amalgams made of pure* metals in equivalent 
and multiple quantities, wo wish to draw attention to tho remarkable manner in which 
heat is conducted by morcury. 

But before entering into the details of our experiments, it is necessary that we should 
state that, having completed our researches some time since, we forwarded the results 
to the Junior Secretary, Professor G, G. Stokes, for presentation, when he kindly 
made to us the remark that mercury might be a worse conductor than we had found it 
to be, and that the means adopted by us were not sufficient to prevent the mass of 
mercury in the little iron box becoming heated through currents $ and he suggested that 
we should tilt our apparatus, and ascertain what would be the influence of various angles 
on the conductibility of mercury as determined by our method. 

By following out this suggestion, we were led to the interesting discovery that mercury 
is the worst conducting metal known, when the heat is so applied as to prevent the 
mass becoming heated by currents* 

To attain this object, we filled our little iron box with pure mercury, and having 
ascertained by its weight that it was quite foil, we introduced 1 cub* cent* of it into 
©ad* of the vul canize d caoutchouc vessels \ wc then poured 60 cub* cent* of cold water, 


and waited until it bad arrived at the temperature of the atmosphere of the laboratory* 
The larger veetelwauiaits turn filled with 200 cub* cent* of water at 00^* The apparatus 
was so arranged that the lag* nad, « the toiuee of hett, weepJaeed petpendiculerly 
over tibie smaU tme 1 tDa twfapaafeae -flf.iha bags ' M ai ntain ed «* 80° daring 


v r 



832 


MB. I. OBAOB-OALVEBT AND ME. B. JOHNSON ON THE 

one quarter of an hour by a small jet of steam brought into it (for further details sec 
the first part of these researches, page 360 of the Philosophical Transactions for J 858), 
when we obtained the following results * 



Tomperataro of 
the To oub. cent 
at beginning of 
experiment 

Tempecratoio of 
75 <mb oont. 
aland of 

15 minutes 

Oonduoiibility 
found roduood 
to 50 oub cent, 
water 

Moan 

Silver 1000 

Mercury vortical... ^ 

14*8 

158*6 

1&0 

18*7 

1*801 

1*65 J 

1*7 

54 


We also tilted the apparatus and gave it gradually different angles, and the con- 
ductibility of heat by mercury gradually decreased as the angle increased, showing the 


following results:— 

^ Silver 1000. 

At a slight angle .... 13*5 423 

Angle slightly increased. . 7*3 229 

Angle still more increased . 69 216 

Considerable angle ... 6*1 160 


lastly, the apparatus was used as in our former exporimonts, the little box being 
placed in a horizontal position, and tho results agreed with those already published; for 
we obtained 

21*01 Mean. Silver 1000. 

21-8 l 21*68 or 679 

21*6 j 

There cannot therefore be a doubt that tho supposed good conductibility of heat by 
mercury arose from not taking into account that mercury being a fluid, its facility to 
conduct heat was owing to currents. The same may be said of wator; for wo have 
observed, as is already known, that it presents a complete barrier to the conduction of 
heat when the source of heat is applied at the upper part of a column of water. 

Thus in our* experiments we have found that the temperaturo of the wator in tho 
lower vessel did not rise one-tenth of a degree during tho quarter of an hour that the 
water in the upper vessel was maintained at 90° C, 

Xhe bad conductibility of heat by fluids when all currents are prevented in their mass, 
appears to us difficult to explain by the theories of undulation or radiation; for we cannot 
understand why the imponderable fluid caloric should not travel equally well between 
the molecules in whatever way the source of heat is applied, or why the undulations 
should not be as rapid, nay, more rapid in a fluid than in a solid. All these difficulties 
disappear if we adopt the views of Mr. J, P. Joule, F.B.S., which are, that boat is 
conveyed in bodies by the vibrations of the solid molecules composing them. 

The remarkably low conducting power of mercury presents another point of interest, 
aaift establishes a further analogy between heat and electricity. The ratio of conducti¬ 
bility of these two agents by mercury, as compared with that of silver, shows such close 
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relations when examined under the same volumes, that they deserve especial notice. 
Thus— 

Hoat. Electricity. 

Silver. 100-00 100-00 

Mercury .... 5*33 2T2 

On the Conductibility of Solid and Semi-solid Amalgams, or in which exists an excess of 

the Amalgamated Metal. 

The fl.nmlg n.ina belonging to this series were prepared with equivalent quantities of 
pure metals, and their conductibility for heat confirms the figure (51) which wo now 
publish as representing the conductibility of mercury, silver being 1000. In fact the 
observed conductibility of heat by these amalgams agrees perfectly with the theoretical 
quantities, whilst there exists a great difference between them when wo adopt 077 as 
representing the conductibility of mercury. The calculated numbers are obtained, as 
in the former paper (p. 358), by multiplying the conducting powers of the respective* 
metals by the weights, and dividing by the sum of tho weights. 

Amalgams of Tin, 

Tompomtow of Tunuiomfcuro of CSnhnilateri' 

Formula of nnwlgains, Exterior tho 50 oub. cent. tho 50 ouo. cent, of water Pound. Mismi. itimMiry 
and ixir-ooutHgofl. temperature. of water hofaro ntlov 10 innate*, Ihuhj; 1'7« 



Mg S« a 1 
Ilg 45*88 } 
8n 54*18 J 
Hg8ti 3 
Hg 36*18 
Sn 63*88 
HgSn, 

Hg 89*84 
Sn 70*16 
HgSn. 

Ilg 85*88 
So 74*68 



Tompomturo of 
tho 50 oub. cent, 
of water hoforo 
oxpurimonfc. 

Tenniomturo of 
tho 50 ouu. cent, of will or 
after 15 muute'M, 
from 5 to 5 uiimteu 

1°4*5 

18*0 80*8 83*1 

14*6 

18*8 80*9 83*3 

15*1 

18*9 81*9 84*5 

15*5 

19*4 88*3 85*0 

* 

18*1 

16*9 80*1 88*8 

14*9 

18*8 81*9 84*5 

14*9 

19*1 88*5 85*8 

15*11 

19*4 88*8 85*4 



8-(if» fi*l l 
9*45 


9*65 9*96 

16*6 16*5 


Amalgams of Zinc. 


Temperature of 

Formula of amalgams, Exterior the 50 oub. cent, 
and por-oontogea. temperature. of water before 

experiment. 


HgZn» 

Hg $0*63 
Zn, 39-87 
Hg Zn* 

Hg li*70 
Zn 45*80 
HgZu 4 
Hg 43*50 
Zn 56*66 
HgZn* 

Hg 88*11 
Zn 61*89 



Temperature of 
the 50 oub. otmfc. of water 
after 15 minutee, 
from 5 to 5 minutee, . 


1§*6 88*8 85*6 
18*9 88*8 85*1 


/16-0 
\15*3 

f 16*1 
b 17*1 

' . /14*8 18*4 88*1 65*4 

'1^8 81*0. 8H 80*4 

'iikr'* 

\l6*8 ^ 1 ’ * It*7 *6*9 80*8 

" V 


. &» 


19*7 83*4 86*6 
80*9 84*6 87*5 

18*4 88*1 *5*4 
81*0 $W *6*4 


Calculated, 
Found. Moan. mercury 
being 1*7. 


8*70 

1 

10*45 

11*00 

13*95 
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Amalgams of Bismuth. 


Formula of amalgams) 
and par-oentagee. 


H 



•86 i 

•14 J 
Bi 4 I 

:g 19-03 } 
i 80-97 J 
SBi, 1 

Hg 16-88 > 
Bi 84-18J 


HgBi* 
Hg 83* 
Bi 76 

T 

Bi 
HgB 


Exterior 

temperature. 

Temperature of 
the BO cub. oent 
of water before 
experiment. 

Temperature of tho 

50 oub. cent of water 
after 15 minutes, 
from 6 to 6 imnutoe. 

Found,. 

Motm. 

CuleuhiteilJ 
mercury 
being 1*7. 1 

f 16*6 

16*8 

1&-9 

18*4 

19*8 

2*1 \ 

2*15 

1*87 

\16-5 

15*3 

17-1 

18*5 

20*0 

2*8 J 

« 

f 16-0 

14*8 

16-7 

16*6 

17-4 

2*61 

2-6 

1*89 

\ 15-0 

14*7 

15-6 

16*6 

17-3 

2 *fa J 


ri4*5 

14*9 

15-8 

16*7 

17-3 

2*61 

2*5/ 

2*35 

! 1-90 

114*8 

15*0 

15*8 

16*6 

17-5 

f 13*0 

13*6 

14*35 

15*2 

15*9 

2*31 

2*35 

j 1*91 

133*5 

13*4 

14*85 

15*1 

15*8 

8*4 J 


On Amalgams which contain an excess of Mercury. 

These amalgams, also prepared in equivalent quantities* were all fluid, owing to the 
circumstance that the proportions per cent, of mercury predominated over those of tin, 
zinc, and bismuth. The conduction of heat by theso amalgams was therefore deter¬ 
mined in the small iron box placed perpendicularly, and the source of heat applied at 
the upper part of the cdl umn ; and this mode of operating has led us to observe tho 
curious and interesting fact, that all this class of amalgams have the same, or nearly the 
same, conducting power, viz. from 1*9 to 2-3, although tho proportions of tin vary in 
them from 10-62 to 22*08; those of zinc from 6*09 to 13-97; and those of bismuth from 


17-65 to 34-73. 

All the results obtained with these amalgams being within the limits of 1*9 to 2*3, 
we flunk it useless, to give the details of the experiments. 


< V. * - 


ConduMility of Compound Bars . 

~ .. J - i 

: 7 our .former paper we described some experiments which we had made with bars 
• composed of small cubes of copper soldered alternately with cubes of zinc, tin, and lead, 
having 1 c, in. of surface, and we showed that such compound bars conducted hoat as 
d, by theory. Since then -we have pursued our researches, and have found that 
IflMtfa* made of cubes of copper and bismuth, or of copper and anti- 

- in relation with the calculated numbers, as for 



m< 

instance^ 



■ j v ;ti v[\ , 1 - 

L Jt, \ K. — 


i 


’ ' Jfomid.' 


LB cubes of AntmaOny> l cub. centj, 
fW 0 o bar / 5 cubes o£ C°PP«V 1 cub. cent 1 .. 

■ ;■ r Sfe iu ' ! 3 cuhes of Bismutb . I <» b - cent. J 8 40 


Calculated. 

17-32 

13*25*. 


^ & 


{ i '* i 

These muobers, were calculated in' the same manner aa in the. Cue of 
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It will no doubt be remembered that we also experimented upon bars which, instead of 
being composed of cubes, were made of two longitudinal bars of copper, juxtaposed and 
soldered to two other longitudinal bars of either tin, zinc, or lead, and that all these 
bars conducted heat as if they had been entirely composed of pure copper, and harl 
not contained half their bulk of tin, zinc, or lead. We have made, since those results 
were published, a great number of experiments with the; hope of throwing some light 
on the above interesting fact, but we regret to say without success. Wo have, however, 
noticed a result which deserves to be recorded; it is, that a bar composed of 2 of 
bismuth aud 2 of antimony, juxtaposed and soldered together, is the only one which 
conducts heat in the same ratio as indicated by theory j for example, 


No. 3 bar 


■{ 


2 bars of Bismuth 1 
2 bars of Antimony/ 


Found. 

3*90 


Calculated 

3*03 


We have also ascertained that the fine film of solder existing between the blades 
exerts no influence whatever on the proportion of heat conducted by the compound 
bars, for we have— 

No. 4 bar solderedy** j&* VC8 20*85. 

No. 5 bar, in which gutta percha was employed f 2 of Copper] 
to keep together the four small blades . .12 of Zinc J 


alloys (boo pago 838). IL has boon pointed out to u» that in ilto ease of the bars composed of diflbmil 
rnotnlB placed, end to end, tho theory of tho conduction of boat leads to tho following simple result-tins 
resistance of the whole bar, multiplied by its length, is oqiutl to tho sum of tho specific resistances 
of tho separate metals multiplied by their respective lengths, tho resistance being measured by the reci¬ 
procal of the conduotibility. (this gives &r the ooHductibillties of the bars Nos. 1 and 2, tho reciprocal of 
the mean of the reciprocals of tho oonductibilities of the two oomponont metals. Taking the nmubom 
given in the former paper, copper (rolled) 26*96, antimony (moan of two) 6*486, bismuth 1*96, we thus find 
for btir No. 1,10*40, for No. 2, 8*04, which do not groatly differ from the numbers given by experiment. 
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for males and females were founded ...*. 

Tabus Bl.—Logarithms of l n sterooglyphed by the calculating machino. 

Tabu O.—Life-Table; Persons, Males and Females, the living and dying at each ago, or 1* 

and da . ..........»...... 

Table D.—Life-Table. Persons .*... 

Tabu E.—Life-Table. Males .*.. 

Table F.—Life-Table. Fomalos ...*. 

j».—The three Tablos, each containing the columns <I>, h, L„ P„ Q», constitute tho 


801—805 

ROG 

809 

870—871 

872-873 

874—875 

870—877 


throe-fold Life-Table. 

Tablb G/—Tables of mean after lifetime (orpoctations of lifo) ..... 

flotg. _The Tables were calculated in duplicate, and compared by Mr. F. J. Williams, 

Assistant Senior Clerk, and Mr. J. Lbwib, Junior Olork in the Statistical Department 
of tho G oncral Register Office. The logarithms of U wore compared and found to agreo 
with those produced by the machine. 


The Transactions of the Royal Society contain the first Life-Table. It was constructed 
by Hallb y, who discovered its remarkable properties, and illustrated somo of its appli¬ 
cations, The Breslau observations did not supply Halley with tho data to frame an 
accurate Table, for reasons which will be immediately apparent; but the conception is 
full of ingenuity, and the form is one of the great inventions which adorn tho annals of 
the Royal Society. 

Tables have since been made correctly representing tho vitality of certain classes of 
the population; and the form has been extended so as to facilitate tho solution of 
various questions. 

* Irf deducing the English Life-Tables from the National Returns, I have had occasion 
to try vafckms inethods of construction; and I now propose to describe briefly the nature 
of the Life-Table, to lay down a ample method of construction, to describe an extension 
of its form, and to illustrate this by a new Table representing the vitality of the healthiest 
part of the population of England. 

The Life-Table is an instrument of investigation; it may be called a biometer, for it 
gives the exact measure of the duration of life under given circumstances. Such a Table 
has fo ty* instructed for each district and for each profession, to determine their degrees 
of To multiply these constructions, then, it is necessary to lay down rules, 
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which, while they involve a minimum amount of arithmetical labour, will yield result# 
as correct as can be obtained in the present state of our observations. 


1. GEN ERAL DESCRIPTION OF A LIFE-TABLE. (See Table 0, p, 870.) 

A Life-Table represents a gefneraMovi of men passing through time ; and time under 
fo™ aspect, dating from birth, is called age. In the first column of a Life-Table age is 
expressed in years^ commencing at 0 (birth), and proceeding to 100 or 110 years, the 
extreme limit of observed life-time. 

If we could trace a given number of children, say 100,000, from the date of birth, 
and write the numbers down that die w the first year, living therefore less than one 
year, aga i ns t 0 in the Table, and on succeeding lines the numbers that die in the second, 
third, and every subsequent year of ago until the whole generation hod passed away, 
these numbers would form a Table of Mortality* showing at what ages 100,000 lives 


become extinct. 

Again, if the 100,000 children were followed, and the numbers living on the first, on 
the second, and on every subsequent birthday until none was left, the column of numbers 
would constitute a Table of Survivorship' So if of 100,000 children bom at a given point 
of time, the numbers dying (d K ) in each subsequent year were written in one column, 
and the numbers surviving (J # ) at the end of each year in another column, the two 
primary columns of the Life-Table would bo formed. 

It is evident that if one of those columns is known the other may be immediately 
deduced from it; fin if of 100,000 .children bom 10,206 die in the first year of age, 
3006 in the second year of age, it follows that the numbers living at the end of one 
year must be 89,706, at the end of two years 86,700. Upon adding the column {d t ) 
from the bottom up to the number against any age (a?), the sum will represent the whole 
of the numbers dymg after that age; and consequently the numbers living at that age* m 


shown in the collateral column (i). 

The 100,000 children bom at the same moment, and counted amwdly to determine 
the numbers living at the end of every year > would by our Table completely pass away in 
less than 107 years, If another generation of 100,000, bom a year afterwards, were 
followed, the numbers dying in the various years of age would not be very different, 
the circumstances remaining the same; and the numbers of those entering each year of 
age would vary inconsiderably from those of the first series. If 100,000 children again 
were bom at annual intervals, and were subject to an invariable law of mortality, they 


would form a community of which the numbers living at each age would be represented 
by .the jmcessive numbers (l„) in the Life-Table. The sum of these numbers, by the new 
Table of Healthy Districts, would be 4,961,908. The births are here assumed to take 
place simultaneously at annual intervals; immediately before the births, therefore, in 
such a oopun^tyit^pqp^^n yrould be 4,861,908, to which it wduld^Wl progressively 
from 4,961,80$ deaths ? in 'the yea^ $he, average number con- 


r- , * ■ ^ T j S " ^ ^jr 

stantly living would 

be very nearly the mean of these^hf&ujag#^ 

6a2 


and 4,861,908; and it would 
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Li the ordinary course of nature, the births in a community take place in remittent 
succession; and if it is assumed that the 100,000 births occur at equal intervals over 
every year it is evident that at any given date a certain number will be found living at 
all the intermediate points of age between 0 to 1 year, 1 to 2,2 to 3, and all the remain¬ 
ing years of age. The population in the above instanco would bo found by enumero- 

tion to be nearly 4,899,665. 

The mnasl births would be 100,000 in such a community. The annual deaths would 
also bo 100,000 ; and by taking out the deaths at each year of ago, from the parish 
registers of a single year, the second column (d») of the Iife-Tablo would bo found, lly 
fl/Mincr fMa column of deaths up and entering the sum of the numbers yoar by y< ai 
against every year of age (*), the third column (l,) of the Life-Table would be obtained; 
for it has been already shown that the numbers attaining any ago a arc ecpial to the 
numbers dying at that age, and all the subsequent agos. From the registers of the 
deaths, a Table of the numbers of thej population living in a parish so constituted could be 
imme diately determined without any enumeration. Its deviations from the truth would 
be accidental; and they would be set right by taking the mean of many years. So also 
from a simu ltaneous enumeration of the mvnibers living in each year of <xgo , the two 
columns d a and l x of the life could bo constructed without reference to any registry of 
the deaths at different ages. 

The mem age at death in such a community would express the moan lifetime, or the 
expectation of life at birth; and tho product of tho number expressing the annual 
births multiplied into the mean ago at death would give tho numbers of tho popular 
tion. 

The facts which a Life-Table expresses in numbers may be represented by the linos 
of a figure; age (a?) being indicated by the abscissas measured from 0, the numbers 
living (l) at each age by the ordinates of a curve lino, and the numbers living between 
any two ages by the plane surface within the two ordinates, tho curve lino, and the 
corresponding portion of the abscissa. The relative numbers living at tho ages 20 and 
21 are seen in the two lines of Plate XIII. fig. 1, over tho ages 20 and 21; if the 
deaths in the intervening year all occurred immediately after the age 20 was attained, 
the numbers living would also be represented by tho parallelogram having its two sides 
equal to the ordinate over 21, and for its base tho portion of the abscissa between 20 
a&dUl J but if all the deaths occurred only the instant boforo tho age 21 was attained, 
the height of the parallelogram would be represented by the ordinate over the age of 20. 
The deaths occur at intervals between the two ages, so the numbers living, and tho 
lifetime which is passed between the two ages, are correctly represented by the curvi¬ 
linear area. 

The deaths in each year of age are called the decrements of life . They arc repre¬ 
sented by the differences in the lengths of the successive ordinates. Thus by cutting off 
Vrinall portion of the ordinate at the age 20, the ordinate at tho age 21 is obtained; 
thik'Snisffi portion, shown in Plate XLH, represents the decrement of life in that 
year of age. It Will be observed that the decrements vary at every year of age; and 
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this is more evident when they are exhibited on the larger scale ol Plate* XL1I. 
fig. 2. The decrement in the first year is large ; in the first five years the decrements ol 
life are considerable ; at the age of 10 to 15 they fall to their minimum ; slowly increase 
to the age of 56; increase more rapidly until the maximum is attained at the age of 76; 
then decline gradually to 85, and after that more rapidly until every life is extinct at 

the age 107 by this Table. 


H. PRINCIPLES OP CONSTRUCTION. THE FUNDAMENTAL COLUMN h. 


The conditions of the hypothesis upon which the preceding reasoning rests arc never 
precisely realized in nature; in the first place the number of births fluctuates, increases, 
or decreases from year to year, and the deaths fluctuate still more; rarely equalling the 


births in number. Immigration and emigration interfere. Under those circumstances, 
Tables such as those which Halley, Price and others made from the observations 


on the deaths alone are never accurate, and require correction to give approximate 


results. If it be assumed that the law of mortality remains invariable, and that migra¬ 
tion does not interfere, then the nature of the correction to be applied to a Table 
framed from the deaths alone will become immediately apparent by an example. The 


births increase in England. Let the annual births in a portion of the community be* 
doubled in sixty years, thus be 50,000 in 1700, and 100,000 in 1856; then the deaths 
of persons of the age of 00 in 1856 must bo doubled to obtain the deaths which 
would have happened at that nge if the annual births sixty years before those deaths 
had been 100,000. If the births have been accurately registered, formula* for correct¬ 
ing the ordinary Table drawn up from the deaths at different ages will be suggested by 


the above considerations. 

I now proceed to describe another method which has been adopted in framing the 
Table C ? and is applicable wherever (1) the number of annual births, (2) the numbers 
of the population living at definite periods of age, (8) the deaths at the corresponding 
ages during a certain number of years, in any community are ascertained by observation. 
Ibis method is not open to the previous objections. 

The aim is to obtain equations which will describe the curve lines (Plato XL1I. 
fig. 1) of the Life-Table, in the most direct wayj and theao equations may be deduced 
from the determined rate of mortality at certain intervals of age. 

The relative numbers living at two ages, 20 and 21, con evidently bo found from an 


equation which expresses the relation of the average numbers living and dying between 
those ages during a given time. This can be determined very nearly; for although the 
ages of the living are not ascertained with exact precision at the census, still by taking 
all the numbers diving at the ages 15,16,17 years up to 24 and under 25, together, 
the aggregate i^ieiefrhi vary nearly the numbers living in that decenniad of life. The 
deaths at the same ages obtained with at least equal accuracy from the registers of 
deaths. By this process, add & , ©bi^vattons Over five or more years, a 

number of frets is obtained'fetrifflto field’average results; end it may bo 
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assumed that the ratio of the living at the ages 15—25* to the dying in a year at the 
same ages 15—26 represents the annual ralo of mortality at the exact age 20. bo also 
the mortality rate at the ages 30,40,50 and other ages may bo determined. As observa¬ 
tions grow more exact, and the facts are multiplied, the intervals of ago may be dimi¬ 
nished to 5 years, and ultimately to 1 year. 

In determining the rate of mortality, a given number of persons living a year lb 
considered equivalent to twice that number living half a year, or to half the number 

living two years. 

Thus if nd represent the deaths in n years out of a number amounting on an average 

to P during the same years, then “p the rate of mortality, or the propoilions of 

death in a year (always taken as the unit of time) out of one year of lifetime. It is 
found from all the observations hitherto made on a large scale, that the rale of mortality 
varies at every interval of age; but at the same ago it may for the present purpose bo 

considered invariable under similar drcumstances. 
m. therefore varies in evory moment of age; but 1 havo omployod it to express the 

mean eiwnia.1 rato of mortality during the year following tho year of ago a?, jr 

whore d M indicates the deaths, P„ the year of lifetime, after the year of ago a. The 
is the expression of tho force of tho causes that induco death, of tho doath-fbroo, vte 

mortalie \ and its reciprocal ~~ measures tho forces that sustain lifo, tho vie wtcthe, 

Tho vital force under natural circumstances may by one hypothesis bo sufficient to 
sustain a whole generation alive for seventy or eighty years, and then suddenly collapse. 
The Life-Table, if this hypothesis were true, would bo represented by tho parallelogram 
in which the curve of the Life-Table is inscribed (Plato XXII. fig. 1). 

By the hypothesis of DEMorvEBf the rale of mortality is such, that at the ago of 20 one 
in 66 living at the beginning dies before the end of the year, leaving 65, 04, 03, 02, 01 
to enter on each year of age until at the age of 86 all are dead. 

Upon this hypothesis the relative numbers living up to the age 86 form an arith¬ 
metical progression: and the deaths in tho equal times are oqual out of tho diminishing 
numbers living. The rate of mortality increases on this hypothesis as ago advanoos in 
the. same ratio as w—-J: 1; where n is the difference between the actual age $ and 86* 
It is called the complement of life. The Life-Table, upon this hypothesis, has equal 
decremep&i and might be represented on Plate X X I I. fig. 1, by drawing a diagonal line 
through the parallelogram. Its deviation from the true curve on this scale is evident; 
but it is also evident that a series of straight lines, which would nearly represent the 
true curve, may be drawn from point to point of all the ordinates. 

If the causes of death act with equal intensity at all ages, they may bo represented 
by^any simple external cause, destroying an equal j proportion of the numbers living in 
ec^wd intervals of time. Thus, if 1600 men wore distributed equally over ground where 

* 4 ,4 * J and wufor 25 years of age is understood, and so in all similar oases. 

f ^ iJkaipyjtiw of Annuities on lares, Pre&oe to 2nd Edition. 
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they were exposed to certain dangers represented by successive discharges of musketry 
which at every discharge shot down one-half of the numbers remaining, they would be 
reduced successively from 1600 to 800, to 400, to 200, to 100, to 50, and so on ad 
nitum, if a fraction of a living man could be conceived: the numbers living at each 
year of age in a Life-Table would not decrease at time rates , but they would decrease at 
a constant rate if the dangers at every stage of life remained constant and equally great 
The numbers of the living at successive ages would be in geometrical progression, and 
would be represented by the ordinates of the logarithmic curve. 

The law of mortality can only be derived from observation, and it is found to be less 
simple than either of these hypotheses implies. It can, however, be represented nearly 
by equations at different periods of age. Upon inspecting Table A (p. 864), it will be 
seen that at the age 66—65, which may be represented by the exact age 60, the mortality 
is such, that 2162 women die in a year out of a number equal to 100,000 living a year; 
and the mortality, which is the ratio of the dying to the living in a unit of time, here 
set down as a year, is therefore «i= *02162. Again, the mortality at the age of 70 is 
•04992; at the age of 80 it is *11866, and at the age of 90 it is -26711. The mortality 
increases rapidly, and is more than doubled every ten years. The four numbers differ 
little from the terms of a geometrical progression, the logarithms of which have a con¬ 
stant difference. Let the rate at which the mortality increases be r, and r ltt =s2*3116, 
and the first term (m) be *02177; then a series of numbers will bo formed differing 
little from those which express the value of m at decennial intervals of age, 


Values of m at the precise age x,-~-Fcmales> 


Ago (a?). 00. 70. 80. 00, 

By observation , . . *02162 *04902 *11866 *26711 

By hypothesis , *02177 *06038 *11688 * *26891 

Ffote.—It may be assumed that m at 60 is the mean value of m in Its range from 
tom**; and so in other cases. 

The ammal rate of the increase of m from the age of 55 to 96 is 1*0874; and if 
m is the mortality at any age after 56, then m^rwt*** the mortality at * years after the 
age at which m is taken. The common logarithm of r is ssto*s±*0S639. 

The mortality (m) of males at corresponding ages is higher than the mortality of 


females; but the rate of increase as age advances is nearly the same. 

The value of m for females at the age of 20 is *00766, and the mortality increases at 
the rate of nearly one-seventh part every ten years. The exact value of r is 1*0149, 
and hrtsq *006428. 

Values of m.^Femcdes, 


'Age;* so. 

^ . *00765 

By hypothesis 1 V *00700 

i % i *■ 

By these observations 
15 to 45 is lower than the mortal!! 



,80, 40. so. 

00894 *00998, ‘01192 

00882 *01022 ‘01186 

■i 

the jnbriality fm) df men at the ages 
ages; yet during that period 
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the rate of increase r is nearly the same for the two sexes. From the age of 40 to 50, 
and 60 to 60, the mortality of males increases at a rate intermediate between the rates 

of ma nhood and mature age. 

Females. 

Limits of ages. 

15 to 56 or 20 to 50 f*=l’0149 Arc: *00642 
55 to 95 or 60 to 90 f=l*08T4 Ar=*O3039 


Males. 

16 to 46 or 20 to 40 r=zl*0148 Xrs=-00640 

56 to 95 or 60 to 90 r=l*08T4 Ar—*03640 

The subjoined Table exhibits the series of values for m derived from the hypothesis 
of two constant rates, and from direct observation. The values of r for females may be 
evidently applied to males in every period, except in the ten years of age, 40 to 50. 


Mortality (m) of males and females , (1) derived from observation, and (2) from the 

hypothesis that m increases at the preceding rates. 


Prcdflooge. 

Axntjal Mowalw* to 100 constantly living at each ago (»). 

Moles. 

Females* 

--- -- 

By observation. 

By hypothesis, i 

By observation. 

By hypothetic' 

so 1 

30 i 
40 

60 

i 

"i 1 

,«o 

. 70 

80 

9° 

100 

. .'i . 

*691 

*818 

*998 

1*978 

9*994 

6*486 

19*817 

98*360 

*696 

•807 

*935 

1*083 

9*399 

6*385 

19*451 

28*785 

•765 

•894 

*998 

1*199 

9*169 

4*999 

11*866 

96*711 

•760 

*882 

1*099 

1*185 

9*177 

5*088 

11*633 

96*891 

40*000? 

66*550? 

5 

1 45*000? 

69-160? 


- - 


The observations oh the numbers living and dying of the age of 95 and upwards are 
/ :,t exceedingly uncertain; and it is probable that many of the persons believed to be 100, 

five or ten years younger f so that these values of m* by the hypo* 
\«Sll L&i*' ^ horreot as the direct numbers. * 


hpi>Uea^dn of this ; hypothesis, first suggested by 
i 1 it the Northampton and other 


Tables*. Mr. Ehitoshsi inc fand applied it to the con- 


, v struction of three Life-Tables-fC Se 'gave ‘‘an\ ejfeg&Qt formula, similar in principle to 
' of Mr. Qokkbetz, from which the curve of a Life-Table can be deduced, upon the 

. 1 

1 \ i 1 

' r ( ' * * , - 

Dp^a^tiona } ,182fi, paper by B. Gohpbstz, Egq./EJiS. . > " * 1 

^ foaovary pf^Numerioal' Law regulating the (WHjt Human. 


Vf- w jfi 

v ,' 4 p> \ «* J 
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In the equation j= 0 , where s indicates space, t time, v velocity, the units of measure 

must be fixed before numbers can be inserted in the general expression; and then v will 
express, in the measure that has been applied to space, the number of such units of 
space described in one unit of time. Here v is a ratio; it is the rate at which the bodj 

d 

moves: and in the same manner wt, in the equation is the rate of dying, that is, 

as I shall express it, the mortality ; or it is the ratio of the dying to the living in a given 
unit of time, the time during which the deaths occur being of precisely the same dura¬ 
tion as the time during which the living arc under observation, 

l (living during 1 year): d (dyiug during a year):: 1 (year of life): m. 

If for l the number 100,000 is substituted, it is assumed that immediately a death 
occurs another life is substituted; and as the time is a year, then 760 will represent the 
value of d at the age 20, according to the preceding Table; .\ *00700. If the time, 

instead of one year, be the i thousandth j>art of one year, then wt— *0000070; and it the 
time be infinitely short, m will be infinitely small; m is a ratio; the quantity of life 
existing during the time is represented by 1, and the quantity of life destroyed by a 
fraction, m. Whether the life inheres in the first organic molecule after conception, in 
the infant, or in the man, the vital action has a certain force of continuance, which is 
constantly varying; and the amount of this force that is extinguished at a given instant 
of time will be represented by the force of mortality, namely, by m at Unit hist ant. 
Then let the ago x=z+a, whore a represents tin* number of years up to the age at 
which a given rate (?) of increase of m begins; then s=r—-fl. And the mortality tit 
any instant of ago, in an instant of time at the end of » years or parts of years, will hi* 
mr* t Now let y represent the living at that precise ago; then the decrement of y in an 
infinitely short time will be ~-dy*zymr , 'dz; the dy being negative as it is taken in a 
direction opposite to that in which the ordinate y of the curve is assumed to be drawn. 

Transferring y to the other side of the equation, this becomes ~ < ^zxmr*dz; and inte¬ 
grating both sides, we have (A,y being put for the hyperbolic logarithm of y, and A,c 
for the difference between the constants of the two integrals)— 

O Itu* /, , 

V-X,y=X,‘;=^;.(X.) 


and 


\c=^+~- 


^ ~ ||| 

When z is made zero, let y«l; then A# will also disappear, and A^es—. Upon 


substituting tins value of A ,0 ih equation (2,), it becomes 

’.V h m * - w* * m /v ^ 


( 4 .) 


MDOCOLU. 
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Upon passing to the numbers, equation (4.) becomes 

value of y (taken as 1 at the origin) at the end of s yearn. 

Let X denote the common logarithm with the base 10; then X 4 y =="£-, whore k is the 

modulus of the common system of logarithms; as also 

km , wr* kmr* 

X^=~, and = *r* 


Equation (2.) becomes, after the required substitutions, 


and 


\y km kml 
~h xr Xr 



so 


the equation becomes finally ysslO^ . 

This is the form given by Mr. Edmonds, and is convenient for use. 


( 5 .) 

( 0 .) 


By making z successively 1, 2, 3,.up to any number less than the number 

of years of ago within which r remains constant, tin* number 7, being known, the 
number living at any other ago within that range will be obtained by multiplying 7, by 
the corresponding valuo of y. Thus, if f/ w is the value of y wheu sss 10 in equation ((>.); 
then putting 7 M for the numbers living at the ago 20, the living at the age !M) will be 

X Tm—^so* 

This hypothesis does not ‘express the facts deduced from Die observations exactly. 
If could be expressed exactly over more than 20 yews by «y% Hie first defer¬ 
ences (& 1 ) of the logarithms in the series following would in a certain number of cases 
be equal. 

Females in Healthy Distbiots of England. 


Prtouo age. 

Annual rate of 
mortality. 

Logarithms of the 
annual mortality. 

Ant dooonnial 
differences of 

Second decennial 
diffemicca of 
Xm,. 

ff. 

wf*. 

Xm. 

*». 

d*. 

SO 

•00766 

3*8836 

•0677 

- —0107 

$0 

•00894 

3-9618 

*0480 

•0890 

40 

•00998 

3*9998 

•0770 

•1817 

60 

•01198 

8-0768 

•8687 

*1047 

60 

•08168 

8*8349 

•3634 

•0186 

70 

•04998 

8*6983 

•3760 

-*0236 

80 

•11866 

1*0748 

*3684 

—♦1869 

90 

•86711 

1*4867 

•8866 


100 

*46000 

1*6638 




• Hew, at the age 20, m is tho moan morality that rules over tlio age 10) to 20)- yoar* of oxaot timo. 
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The inequalities in the second differences vary in every separate class of observations; 
but there is generally a tendency in the first and in the second differences to increase, 
over a certain extent of the series. The error of tip) hypothesis is slight if the rate ot 
increase (r), of which X *00677 is the logarithm in tlio case in hand, is only assumed to 
remain unif orm for the ten years 20 to 30, or for the one year 20 to 21. Now let the 
number living at the age 20 be represented by 4o> the number living at the age 21 

by l ai ; then put Here it is evident that if l w and be known, 4 is deter¬ 

mined immediately by the equation 4i = ^aoXjPs«* But }*»* ™ the value ot ;// in the equa¬ 


tion ^=10 when z is put —1. Taking the numbers from Lublo A., we lune 

m=*00765 at the precise age 20=(10g-{-202f)|-; and Xwi= 3*8835130; Xr= , 0067/28 ? 
and .*. r=l*015717; h is put for the modulus of the common logarithms, 
.\ ?^=1*2755686; k(Xr) is the complement of the logarithm of (Xf). 



1-2756680 

ton 

3-8836130 

%\r) 

2-1692317 

h(l-r) 

2-1903697 

-•0033472 

'3-5240880 

1-9000628 



As the factor (1— r) is negative it makes the exponent of 10 negative, and upon 
taking the complement of this the logarithm of y is found to be 1 *9000528, Ibis is 
also the logarithm of ^=‘99282; and it enables ua to pass, in the construction of a Life- 
Table, from the living at the age of 20 to the living at 23. If wo obtain the several 
values p x at every year of age, the whole of the Life-Table can be constructed. 

It will be found that p, is always a fraction, and it does not differ very much from 
l~m x . But while m x * shows the deaths in a year out of a unit of life (which may con¬ 
sist of any number of individual lives constantly kept up), p M shows how much out of a 
unit of the same life at the beginning of a year, the dead not being replaced, mrvtm 
a year after the age a; and 1- p, is the amount of loss which occurs in the same year 
out of a unit of life at its commencement. Thus, as y)„ 0 = *90282, it follows that 
1 ^* 2 ?^=*00768. In the same yoar of age 20 to 21 tho mortality is ^=‘00771, or 
*00008 more than (1 -£»). If the unit of life is made 100,000 living at the age 20, 
then 99282 will survive, and 768 will die in the ensuing year of age. But if it is 
assumed that the deaths take place at equal intervals, it may also bo assumed that the 
nfimber of lives (100,000| being constantly sustained, the accessions of 768 new lives 
take place at equal intervals, consequently that they are under observation half a year 


on an average, giving the equivalent of « 884 years' of lifetime at the age 20 to 21; 

• n eons to indicate you following tho exact ago *. 

6x2 
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now out of this number (384) at that age three die when the mortality is m, iQ , This 
accounts for the difference of *00768 and *00771; the former occurring in a year out of 

a unit of life of which the waste is not replaced. 

From these considerations it may be inferred that if is known, p x may be deduced 
from it upon the hypothesis of equal decrements through the year by the formula 

p a -s Thus being *0077072, we have - ‘00232 * as before. 

The Ajjby the previous method is 1*9966528, and by this method it is the same. By 
either of the methods the value of p x may be deduced for the subsequent ages, and 

PwPwP .. PwPm will be obtained. These values are here given, and it will 

be seen that the results by the two methods are nearly identical at all ages, except tin*, 
two last, when the observations themselves become less exact. 

Females. 




Ago (jt). 



f*9966537 

*9960967 



*#» 

XjUj-Xyj-lO *-r 


1*9966688 
•9960967 
■9966203 
*9946609 
*9908049 
*9773638 
. *9463188 

*8809176 


It will be observed that the fraction j—j— approximates to as w becomes 

less; for upon developing it into a series,^=1—£m s +*5W. ••• And taking m 
infinitely small, the terms after the two first may be neglected. 

The values of w 0 , m x .m a may be obtained by the method already described. But 

it rarely happens that the population living at each year of age is accurately enumerated 
at the Census; and besides inamiraeies of statement, the numbers living at each of the 
early years of age fluctuate considerably, so that the numbers of children living of each 
year of age m lSSl do not represent the average numbers living of those ages in the 

1858, for instance,' : 

T *C le$s exceptionable It may be assumed for this purpose 

4 I) tlkfc jn theyear 1848 present the births in that year; (2) that 

the births are % d^i^^Siiib|l4ed$ ovefc yeftrs in #h&li ^biy occur, and Consequently 


the births^ ovefc to' years ip. toy dew, and Consequently 

'm '* ' t ^ " 1 r ^ 

‘■/'i - 

, in at tte precise age 20 is nearly *00765 . 1 TJift irijatijufi in tbia mortality from the age 20 to 204 , 
the nddclle of to year of age 20 to 21 is obtained 1)j ilS'ilaf as above given, to tot 10 , to to 


■ ^ i 4 s ^ j r 1 


s^p=s *0077072 


it $ ** i ■* f > 

: 4$f 1 1 n41 h. - 


Xmtoi 1*8835180 
0*0083864 
8*8868994 
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* 

(8) that the mm date of all the Wrtto in the two years 1848, 1849 was immediately 
before January 1, 1849. The half of the births in those two years will consequently 
represent pretty accurately the number of births out of which the deaths of childion 
wader me year of age happened in the year 1849. And the deaths and survivors can bo 
followed by this method year by year, as is evident in the annexed scheme:— 


A rtA 

ri (births 1848,1849)=mean annual births of which the mean date is January 1, 

0 < [1849. 

.minus deaths under age 1 in 1849 

1 = surviving on January 1,1850. 
minus deaths age (1 to 2) in 1850 

2 „ = surviving on January 1,1851. 

minus deaths age (2 to 3) in 1851 

3 . = surviving on January 1, 1852. 

minus deaths age (3 to 4) in 1852 

4 = surviving on January 1,1853. 
rrmus deaths age (4 to 5) in 1853 

5 r=:surviving on January 1, 1854. 

By commencing with the mean number of births in the years 1849, 1850, and deducting 
the deaths, a similar scries may be obtained; and thus a succession of similar series 
may be deduced, the mean of which will supply the ordinary series /„ K «f 

a Life-Table. 

These series are liable to various disturbances. If all tho births are not registered, 
the rate of mortality is overstated. If all tho deaths are not registered, or if the chil¬ 
dren are carried off as emigrants, the decrements of life aro understated. The annual 
number of births fluctuates, and how increases in England; they aro in excess also in tlu* 
early months of the year. Several of the disturbances are slight, and some of them ore 
in opposite directions. The results can also be, and have boon, checked by the results 
of the other method. The value of m, and m l% are deduced by dividing the annual 
deaths at tho ages 6 to 10 and 10 to 15 by tho mean population at those ages. Tho inter¬ 
polation of the series l$> x from to succeeds ; taking and as the 

fixed points of the series, and hp ia being adjusted to allow for the turn of the curve, 

The Tables A, B, and C supply the data from which the Life-Table of Healthy 
TVigpflb Districts was deduced. One or two arithmetical examples of the application of 
thd method adopted in the earlier ages are also supplied. 

'' • ■, 1H. INraRPOLATION. 

, ' , ■- . 

We have therefore determined the values of at certain ages. The values of 7$, at 
the interveiuiag ages may be determined by changing the value of r t and making % suo 
cessively 1,2 *%».<, *10 in the formula (p, 846}, They may also be interpolated for every 
year of age by the inetHod of : upon the whole this method is 
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preferable to any other. Tho logarithms of jp. ore minimi; mid to thorn it will bo con¬ 
venient to apply tho mtapolation directly. Any number of differences beyond four 
becomes cumbersome, and it will bo therefore sufficient to givo tho general formula, 
which can be employed in deriving tho first of either four or three orders of difloronoos. 


Investigation of Formula!—Intervals egml- 

Let any numbers of a serios bo so related that u M the will from tho first, is deter- 

mined by the equation (1.}" 

4 . n v + n ( w *~l)y + n ( w “l)(n— 2 ) + «(»—2)(w—3) 

«h=^lY* l + — 2"^- 1.2.3 a + 1.2.3.4 1 ’ 

y, ft, ft, and ft*, the first differences of the four orders, tiro unknown; they ran all be 
determined from any five values of w„. Now lot n bo successively l.t\ *l»p, 4.1*; 
the coefficients of tfe v M u {% can be found, to give tho values of ft, ft, ft, and ft iu 

four equations. But when w is ten or moro tho coefficients become largo, and the nume¬ 
rical calculation laborious. It is tlicroforc well to obtain the numerical Million of 
ft, ft, ft, ft in succession. Thus if tho series is ascending or descending, the following 
are convenient forms. Tho uppor rows of signs art' used in llu* (tsoctidoig, the lower 
tows in the descending series:— 


+ tfj# “ d«w + (to,* “ 4tt» + Ho 

^l r _ “ T T 


(a.) 


d" ««i “ Stiti "*■ S«. 

»= ~ —±-y =i- +_ + 


- (x-ip - (*•-«*■+») i«. 

Or T ' “ 155 


(«■) 

(4.) 





+ 2 


ft 


( 0 ®—8.0+2) mi (fl!®~ , G&®+ lliT—*0) 

§ 6 + 24 *’ 



It is necessary to be caioful in deducing tlio successive values of & from the values pre¬ 
ceding; and before commencing their use their accuracy should be tested by inserting 
them in the checking equation, 


l <5 + lt 2 0 - 1.2.8 0 + 


r-l)( 4 .-«)( 4 * r a)w 
I.2.3.4 



x may be any number. If only four terms are given, ft is assumed to be constant; and ft 
being 0, all the terms into which it enters disappear. The above formula), if tills is 
borne in mind, axe applicable when fc 4 , ft, or ft are assumed to be constant, and serve 
therefore to supply the differences when there aro one, two, three, or four ordors by tho 
most expeditious method. 


* B will 1)6 borne in mind that these imply first difforonoes, or flu# $*% Pu Q , 
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In constructing the Life-Table, x was mode 10 from the age of 20, and on inserting 
the numbers, the equations (2, 3, 4, 5, 6) became 


"b W40 4 ttao "J" 6«flo 4 « 10 + Mq 

y-n + _ _±_r-±_. 

10,000 

*<8o . 3*<ao 4" 3*<io t<o 

_±_=- ±_7 IH&. 

1000 + a 


t **S0 2 Mjo j” Uo 

^=±_“—-±- ~ 9& 9 “ 44 J & 4 . 


100 
+ ttio 7 «o 


+1 7 4p 1 1»; 21 *. 


(7.) 


( 8 .) 


(9.) 


( 10 .) 


10 + 

The chec king equation is 

««= + «. 1 408* + 7808* 1 98804* + 918904*.(11.) 

If threo orders of differences are used, the checking equation is 

u w - 30 * + 435 * t 4060 *.( 12 *) 

After adding or subtracting any constant to or from a series of numbers, the differences 
remain the same; and if consecutive terms are multiplied or divided by the same factor, 
the differences are multiplied or divided by that factor. Thun 
and aJ)~-ac=za(b—c). Advantage is taken of these properties to rtduce nuy one of the 
terms in tho equations to zero. 

Thus let tho logarithms to bo interpolated bo the Mowing-values dp*, jp«, p m and 
p m taken from the column headed males, Table Bs then they may. among other ways, 
be interpolated as follows 

As 1-9969724 is the contracted expression of (-9909724—1), we have 


Age 

20 1-9969724* --0080276 

i 

30 1*9964260 as—*0035740 
40 1*9969051 as—*0040949 
60 1*9943048 as—*0056952 


[ (1) Multiplying each term by10,000,000, 
that is, striking out the decimal point 
and the two adjoining ciphers, and (2) 
then subtracting from oach 30,276, the 
values of to be operated on 

become 


th s* **00000 

w 10 <ss — 6404 

i 

=s—10673 
s-26676 


■ By inserting these values with their negative signs in the equations, and taking the 
upper signs, fie three differences ore found; that is, 

*«~11*049: *«101*991; and Vm *-872*7715/ ' 

j 4 , ^ i 11 * 

Tbs -tiffcrmcfiR are now dlri4ed by 10,060,000, that is/risers we added to tlieir left- 
hand side, so that the above decij^p^|:^,l?e moved seven places in that direction, 
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and the operation may bo thus commenced. By aiding the diffoumeos successively to 

each other and to Xp„=l-9909724, the successive values arc found ofty,,, Vh.• 

up to and including Xp„ for males, where the series joins naturally the subsequent 

series, commencing at Xp w . 

—•000,0011,0490 -000,0101,9910 —-000,0872,7715 T-990,9724,0000 

f constant) -000,0090,9420 --000,0770,7805 1-99(1,8951,2285 

-■000,0079,8385 1-990,8180,4180 

1 -turn,7500,0095 

In the actual operation thesis subtracted from V, V from V, and i' from X/'.: it is 
therefore convenient to substitute for their present values the complements ol >' and V, 
as thus all the series become additive. 

As and XJ„+Xp al :=xk, and gcnorallyX/ t +X/\=:X/,, M ii is evident that 

the xp, is Hie first difference of the series X/ t ; and the whole scries, X/„ from Kf# to X/ a «, 
may be formed as in the subjoined example, where 5 1 becomes i 1 , becomes S’, ami 


so on. 


Ucaiihv Districts.—Males. 


^ (constant) 




0-990,9988, 

OSLO 


Age 


S‘. 

^tssXjjp 

if i 

20 

0000,0101,9910 

0-990,9127,2285 

9-090,9724,0000 

4-584,1051,2709 

21 

0-000,0090,0420 

9-099,9229,2105 

0-990,8851,2285 

4-581,1075,2709 

22 

0-000,0079,8930 

9-900,9320,1015 

9-900,8080,4480 

4-578,0520,5054 

28 



9-900,7400,6095 

4-574,8000,9534 

24 




4-571,0007,5029 


Note.— The four last figures in the decimal portion of tho series X#, and in \l t may in 
practice bo omitted. 

The corresponding values of ty, in tho column headed Females, Table B, art* inter¬ 
polated in the same way. And the X^ w , X^, Xj; w , and are interpolated by the 
same methods, the series being continued backwards to and forwards to Xjpio*» tho 
actual observations of ago after tho age of 00 furnishing results loss reliablo than thoso 
thus ob tained , which bring a generation of 100,000 to thoir last end in 107 years. 
The successive values of Xp # in the period from the ago of 8 to the age of 10 inclusive, 
are derived from Xp u , and which reprosent w 0 , w 4 , ty, and n ir As the 

terms of the series are here at unequal distances, the first differences cannot bo derived 
from the preceding formula. The $ can in this and similar cases bo dorivod lVoin the 
proper equations by substituting figures for letters. But three literal equations supply 
forhwdft for finding the throe first differences from any four terms of series of the kind 
whioh have been discussed: which has a troublosomo coefficient, can always be 
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reduced to zero, and ia theroforo omitted. The tot given term being let tho second 
u M be the xth from u n and u 9 be the yth, u e the 2 th from w 0 . Here <C 2 . lhen the 
following equations give the differences*:— 


«__ e{(v ») g ( g «) y +( g y)^} ___( X 3.) 

(y-a?) { {z— 1)(ar-2) - (y- -2)} - (r—y) {(y-1)(y- 2) - (a?-1}(a? -2)} 

>>=^g-^-{(jr-lXy-2)-(*-lX*-2)}|}.(14.) 

(w— 1)^—(»—lX a '~2)g.0®') 

By making y= 2x, and s=3ff, these equations assume the same forms as equations (3.), 
(4.), (6.), with the term struck out. 

Putting #=4, y=9, and 2=17, the three preceding equations become those which 
were actually used in constructing the series jp 3 to j?,„: w 0 reduced to zero and is not 
used. 

.(16.) 

13260 


9« 4 —3008 s 
90 


. * 07.) 


4 


Checking equation. 


t4, ? :s:%+ 17& ! +186&"+680J 9 


( 18 .) 


m 


* A useful Table in applying tbo ftbovo formula). 



¥POOCMX. 
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Table of first differences in the life-Tablc of Healthy Districts of Kiiglmul. 



Males. 


A f 

1 

M 


P. 

. . 

3 

4*631,5849,0000 

9*993,2488,0000 

0*001,8416,1860,934 

80 

4*584,1951,8769 

9*996,9784,0000 

9*999,9187,8385 

59 

4*403,7768,0454 

9*990,6137,0980 

9*998,9756,0080 

60 

4*394,3905,1434 

9*989,5894,0000 

9*998,9460,9880 


0*000,0101,9!) 10 


J)*l)DI)»9J)hH,9510 
9*999,9843,1520 
9*999,1)843, 1580 


Fomales. 


3 4*633,8586,0000 9-993,18988,0000 0*001,8164,1598,794 9*999,7874,3556,561 0*000,0170, 

80 4*570,6868,8846 9996,6588,0000 9*999,9841,5455 0*000,0000,3930 9*99 M9.jli**>30 

57 4*405,8189,6886 9*998,9338,3785 9*999,0836,3675 0*000,0123,8100 9*999,98. 8,1 50 

60 4*881,8818,8186 9*990,8049,0000 9*999,0780,4885 9*999,0637,7950 9*999,118.18,1J50 

Note. _The last scries pa was carried backwards from U> \p ir 

A series of tho form o'l.+» ,h V„ 1 +o‘' l *f.i, is required in rendering the Ufo-Table 
applicable to the solution of questions in Annuities and Life Tiisumiieo. 

Tho logarithms of tho series are obtaiuod by making the first term of the now s<wh, 
and tho first term of the first order of differences A(fy>,)=Xo+ (be l\ 

and V of the original series remaining unchangtKl. Taking the interest of money at 

8 per cent. and xt>=I*9871027,768. 

Tho derivation of tho new series from tills Yaluo of Xo, and from tlui above Table 
(males), is shown in tho annexed example. Any value of tf may bo introduced iu tlu* 
same way. 

a*=9*9999988,901 


Age. 


ft 



20 

0-0000X01,991 

9-9999127,2286 

9-9841351,7530 

4-3274600 


-0000090,942 

•9999229,2196 

•9840478,0815 

•3116868 



•9999320,1016 

•0839708,2010 

•2060337 




•0889028,3026 

•2700045 

•2036074 


In describing the first English Iife-Tablo, I ventured to express the belief that the 
chances of life may ultimately be calculated by Mr. Babbaciu’s machino*. Mr. Bab* 
base's Coutoeption has been realized in the original and ingouiously constructed macliinc 
of the Messrs. SoAbutz, which was favourably reported upon by a committee of the ltoyal 
Society. The first differences to be inserted in the machine can be immediately deduced 
from those given above; and we may hope ere long to see tho logarithms of Life- 
Tables, for single and for joint lives, printed from types cast in moulds stampod by the 
machine now in the course of construction by the Mossrs. Bonkin', for Her Majesty’s 
Gkwtament, at the instance of tho Begistrar-Gonoral. 

* Xie%r to tile Begistear-Gteaeral, in Appendix (p. 858) to bis TifLh Annual Beport, year 1848. 
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IV. CONSTRUCTION OP THE COLUMNS <4, 4, L«, P#, Q*, AND NOTICES OP SOME 

OP THEIR PRACTICAL APPLICATIONS. 

The series l, has been constructed; and from that series others are deduced to com¬ 
plete the Life-Table, consisting now of six columns. 

(1.) d m — l m — Z, +1 =number of deaths in the year of age following, out of l 0 alive at the 
age x. By taking x successively at 0,1,2,3,.... to the last age in the Tabic, the numbers 
dying in every year of age are obtained. The numbers dying of the age x and under the 
age 4+„are imm ediately derived from the column l x ; as (2.) i-.< ^*+*-i* 

When x+n>o= the oldest age in the Table, • ••-Mw 

(3.) Lw=i+?,+i.+k The 801:168 ls formed h 7 tlie successive addition of the 

series l m from l u upwards. 

(3 a.) L # —■* • * "4“^r+**—1* 

(4.) P. =4*.+RI ^ (5)p-kiili. 

^ ^ "S’®# J 

The series in column P # is constructed from the two columns l t and d xi or from the 

single column as 2P,=Z # -fk +1 ; and .*. P,=“*g—, 4—2P,—so, conversely, 

the series l K can be constructed from the series 1\. The P, is assumed to represent the 
population, as expressed by the Life-Table, living at the age x and under the age x+l. 
Thus P ao = the population of the age 20 and under 21 years. 

By substituting the successive values of P* in the equation (5a), P^-j-lVi»• •• IV*« wo 

have 4V+V+i *• ■ * +l+»+ jjV+n+l* 

(6.) Q»=sP,-f P #+l +P, +a ..*. P*+*-i'*f‘P«‘+ii» * *»4"^*!.. 

(70 .% a-Q, + ^(^ w ==Bi+P, + »+PW a -^+*- 1 * The column Q, is Constructed 
by adding up the column P„ and transferring the successive sums to the column Q* 

By substituting for the series P, its values in 4> wd have 

(S.) . +h> 

And by again substituting for the scries l, its corresponding values in wo have 

(9.) .+(*+4M.’ 

(10.) Thus Q, is equal to the numbers dying in each year of age after the age x, 
multiplied by the time (expressed in years and fractions of a year) that they have 
respectively lived over that age; and if #=:0, then Q 0 «4^o‘4'^W4 M 24 , d a .... 
when (x-\~n) becomes ><w. 

(11) This column Q, represents, therefore, two distinct orders of facts i it represents 
the sum of the number of years that will be lived after the age x by the l„ persons then 

living, and mean after-lifetime; of which will be enjoyed before the age 

#+» is attained, and Sp after tiie age «+»is_ attaiaed. At bixth the mean after-life. 

i f * ^ ^ ' 

time la j 2 , the malt here being dne:year;‘ of imfirutaal life. 

0 6 tr a 
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(12.) Q. also represents the sum of the numbers of men or women living at all ages 
over the age x, out of Q, living at all ages, as Q, is in aU cases the sum of the numbers 
living in each year of age, represented by the series P*. The unit is here an individual 

mt (13.) Thus, on referring to Plate XIII. fig. 1, the lifetime of 100,000 children 
bom simultaneously may be represented by 100,000 parallel lines, drawn from AB 
horizontally in the direction of CD until they cut the curved line BC. And Qo is 
the sum of these lines expressed in the 4 linear units of the scale on the line AC; so 

Qo- _ 4,8 9 9,665 meail length of those lines = the number of 

/o'" 100,000“ 100,000 „ 5 ^ 

years of mean lifetime. 

It will be observed that in this Table, instead of 100,000 lines, these lines are thrown 
into 106 groups, each comprising the variable number of lines terminating in each of 
106 intervals numbered on the line AC, and representing years of age. And in these 
short intervals it is assumed that the mean length of the lines terminating in the 
eleventh interval (10 to 11) is represented by 10£, and so on. 

' The relative numbers of persons living simultaneously at each interval of age will 
also be represented in the same Plate, fig. 1, by 106 successive vertical lines, raised 
from nearly the centre of each interval between the ordinates on the line AC, and 
measured in units of which the line AB contains 100,000. The same lines bound the 
figure representing the two orders of facts; and the numerical units expressing the 
aggregate length of the vertical lines equal in amount the units expressing the aggre¬ 
gate length of the horizontal lines expressed in the horizontal units. 

(14.) I will now explain briefly the nature of the column Y„ which I have added to 
the Life-Table*. The Life-Table (column P,) exhibits a representative population, 
such as would be constituted by separating every year 100,000 births as they occurred, 


* See paper in Appendix to Registrar-General*s Sixth. Annual Report, pp. 544-052. 

/ , ' 

, Eatr pot from iho Regittrar- QenerdP t SwikAmutH Bqport (1845) r p. 528. 

1 Table (1698) contained the column P. Jorar Shaw made 1000 “bom” the basis 

* of bis Table (1788), a nd introduced the columns d and Z. Sncpsosr adopted Shaw's form of Table, which 
* Showed by KasawEBOOM (1788); DhpaAotsux (1748), Pbiob (1778), and Motts (1815). The 
/ £ % in BuypMBjtffl ‘Loi de Mortality (en Prance) dans I’dtat natural t,* correspond 

thenew Table. TheSy added by Rt to j au i) is purl) andBJ38WW*i dolnmn 
^!&8) baa Hie four bedomns dj ^ P, Qfor quj^qusmnal o& 'decennial ages, 
S^hlelL is an ^epautdon of Hd }ikv$& Q of BuvOTiAAd’s 
bhort Table, and is thii fc* t?ls4t*jr^|ok 4^" j JS'dtwfewb riipoirtr on the Bengal Military Bund, 


and the 


- 3k£r, I>Avrffs has a 

per cent., 1 and 


I/J P, Q of the English Table, 


r paper-empidyedj^ i It, which have been formerly used by me and 

i 4 '* . ?**' *’ 'j -.' - ' 1 .. ''"i ^ l ^ "* 1 " 


T ' \ 


t ^' 1 1 ’ ' ■ 4 1 the note p Stop 

^^ r D r i ’ ‘V 4 1 ~ * 
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and keeping them apart in a separate community, subject to a definite law of mortality, 
Any population living in the tabular proportions at each year of age may, for the sake 
of distinction, be called a normally constituted population. 

'fhe ages of the population represented by the Life-Table amount, in the aggregate, 
to Y 0 years; it is the aggregate number of years which they ham already lived, and, sin¬ 
gularly enough, it is also, if the law of mortality remain constant, the number of years 
w Moh they will live. Thus Q» persons in such a population have lived on an average 


years; that is their mjsan aob, and it is also their mean after-lifetime. Y, is the 
U() 

number of yearn that Q, persons have lived over the aye x\ and the mean ago of such 

Y y 

persons is ; their after-lifetime is 

The series Y* is formed by successively adding up a series of the form J(Qr+Q* „), 
commencing at ^-f-lssa/sEtho oldest age in the Table. 

(16.) Y 0 =£Qo-|“Qj+Qs*** 4*Q»» 

Y^JOa+CLu + OMa'” 

By substituting for for Q„ for Qa, and so on, their values in P„ it will be found 
that 

(16.) Y w “ , ^P(,4“liPi"f , 2^P a * , f“Il^P3.... +(n -}-J)P«• 4-(w4-^)1 w . 

(IT.) But the mean age of the persons (P 0 ) of the age of 0 mul under 1 is nearly i ; 
and ho the series H, 2£, 3J, 4$, 5?., .... (»+i) expresses nearly fhe menu age of 

all the ]M*rsons in the first (P«), second (Pj), third (P a ), and (w+l)lU (P«) years of age, 
and st» for all other ages; consequently the sum of the series (Id) Y, is the sum of the 
ages of all the persons living conteinpomueously, as they are represented in the life- 
Table. 

In like manner it is shown that 

(18.) Y,r=iP # +(l+J)P, +l +(2+})P, + «.+(«+i~*)P w 

is Hie sum of the number of years that the Q* persons in the Table have lived over the 

y 

age fr They have all lived x years; and consequently #+{j; gives thoir average age 


Y 

precisely as gj gives the average ago of the whole community. 

(19.) It lias been shown that Q» expresses the number of years that persons will 
live; in the same manner it may bo shown that Q* +1 expresses the number of years that 
k+» persons will live; (?»+^+i) persons will live (0,+Q,,.,) years, ,\ 
persons will live i(Q,+Q,+i) years, And the stone may be demonstrated for each 
successive value of x. 

But the sum of tho series P, is Q,«: the number of persons living of all ages. And 
the sum of the series KOrt-Q^,) is Y^ the number of years that Q; persons will live; 


*\ fhe mm of alltlie persons living simultanOcmriy of the ago x and 

upwards. Thus by the Table P, Mfc living contemporaneously; tlieir 

mean age ia ^es ypafei i is^tfcejrwiil live on an average 88*92 years. 
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(20.) The Life-Table serves to determine the value of Life Annuities, the value of 
policies, and the premiums of insurance. 

This is effected by introducing a new unit, such as £1,1 franc, 1 dollar, or any other 
monetary unit Thus if £1 is payable at each death, the series <4 will show the number 
of pounds falling due in each year of age; so if £1 is payable by each person on attain¬ 
ing the age s, and each subsequent year of age, the series 4 shows the number of pounds 
payable every year by the l a persons; and N, will be the number of pounds payable in 

the whole course of life after the age sc : thus ^ ■=the average amount of an annuity 

of £1 payable on each life at and after the age sc. The money-unit may bo introduced 

into the other columns; and ^-£1 would show the average amount payable under an 

annuity of £1 on each of Q» lives. The present value of these future payments can 
always be determined by assuming a given rate of interest. The estimates thus obtained 
are also always read subject to the qualification that by hypothesis the IAfaTable is 
based on a law of mortality actually to rule for a definite time in the population to 
which it is applied. The probability of the hypothesis is not here in question. 

Under the same circumstances masses of mankind appear to experience, at the same 
ages, the same rates of mortality. Consequently if for soveral years (l t persons have 
died annually on an average out of 4 persons living at the boginuiug of the year, other 
things being equal, the probability that the same number will die out of 4 persons in a 
year to come is greater than any other that can be named, and the fraction expressing 

that probability is ^r. We know that d 9 expressing the numbers dying in a year, 4 hl 

must express the numbers surviving as 4+*The chances may bo represented 
by 4 balls; 4+i white balls in an urn will represent the chances of living, <l t black balls 
in the same urn will represent the chances of dying. Now lot each of 4 persons pay the 
sum z for a ticket, and each person that draws a white loll bo entitled to £1. Before 

the drawing commences the value of each ticket is for 4 (the total chances): 4u 
(the chances in favour of winning on one ticket);: 1: 

Put 2^30,007, and J. +1 =29,047; thaa^ir^ia 2 -^^ 1 =JC-98802. Tho amount of 

money to be paid on 4+i white balls is £29,647, and £'9802x30,007»s.4»s£29,647. 
In like manner it may be shown that if £1 is paid to each person who draws a black 

d £l 

ball, the value of each ticket is *-jr-=y£l ; for y.4*£l==<4£l> and £1 is to bo paid on 
each of d„ tickets. 

Should £1 be paid alike to those who draw white balls and to those who draw black 
balls, the value of a ticket will be equal to the sum of the two fractions expressing the 
several probabilities, namely, 
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As one or other of the two kinds of bfills must by hypothesis be dvo/uyfb^ and £1 is paid 
for each ball, the receipt of the £1 is certain: certainty is thus in all cases expressed by 


If every ball as it was drawn were replaced in the nrn, although in 80,007 trials 

* 29 647 

white bulls were not actually drawn 20,047 times, black balls 800 times, still 

would express the probability of drawing a white ball, and the value of £1 contingent 
ou that event, more accurately than any other fraction that could be named. 

Again, if an uni contained by hypothesis an indefinite number of balls, out of which 
29,647 white halls and 800 hlack balls were drawn and then replaced, the probability 
of again drawing a whito ball on trial, and the value of £1 contingent on that 

^9 648 

event, would be expressed more accurately by than by any other fraction that 

could be named; past experience being by hypothesis the only means we have here of 
judging of the future. 

Thus a Life-Tabic applicablo to the case furnishes the fractions to determine the 
value of any sums of money dependent on the life or death of a given person, or a 
certain number of given persons in a given time. 

The probability of living two years expressed by the fraction ^ =— £-■» w 

less than the probability of living one year. 

Making ft any number of years and fractional parts of years, the fraction *£* will 

invariably express the probability of living n years after the ago w. As n approach** 
zero tho fraction will approximate to 1, the symbol of certainty; thus a person is more 
likely to live a day than a year, a minute than a day. As n increases diminish** 
in value; and when #+» expresses a year after the age »in the Life-Table, is by 

hypothesis zero, .\ The chance of living so long is expressed in this wise 

by zero, the chance of dying in the time by 1, tho symbol of certainty, 

(21.) l 0+ti expresses tho number of chances in favour of surviving n years, and „ 
tho number of chances of dying in tho same time, the sum of the two together (l t ) 

expressing the total number of chances. Thus tho-faction expressing the pro¬ 
bability of living a given time ranges from 1 to 0, and** £■:— or the chance of 

dying in a given time also ranges from 1 to 0 as n varies. When the two factions are 
equal thon ^+ a sss ^—s-nd «v4+» ns j^ 

To verify the equations, an age must be chosen at which is exactly equal to 

Thus by the Life-Table of healthy districts 100,000 children bom alive are reduced to 
60,861 in ,5ft&-60 years} so-^dmnces are ratirer in favour of 

,* The addition of 1 to tHe donephuM^r to u^glwted, when, as in this 

ease, the numbers lire large* "'' ' 
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thdr living 68 years, as they are 60,851 to 49,149; upon the other hand, the chances 
of their living 69 years (49,896) arc loss than the chances 60,106 of their dying before 
attaining that age. Upon trial it will be found that the chances of living to and the chances 

of dying before 588ft yeaia=58+ j0. 851 - 50 - o0Q =6 8+^ years, or about 68J years 

are nearly equal; hence this is called the probable lifetime, or vie probable by French 

writers,for?5H=i. At the age 20 the probable lifetime is 47)851. nearly 48 years. 

The probable lifetime at every age is immediately seen by inspection. 

(22) V THE THREEFOLD LIFE-TABLE—PERSONS, MALES, FEMALES. 

The Life-Table is threefold. A Table having the six columns is made for males; 
another Table is separately made for females. The several columns of the two Tables 
incorporated together form the Table of persons which has 100,000, and may have any 
other number for its basis. The basis of the Male Table in the illustration is 61,125, 
while the basis of the Female Table is 48,876. In that proportion males and female's 
were bom in the districts. Under this arrangement the number of contemporaneous 
males and females living at each ago in columns is shown : thus 38,388 males and 
37,212 females attain the ago of 20; 17,146 males attain tlio age of 70, and 17,133 
females attain the same age; at all ages under 71 the number of males exceeds tlio 
females; at the age of 71 and upwards the females exceed the males in number: and 
upon referring to the columns d„ it will be seen that the males die off in greater 
numbers than females after the age of 42. Tho age after the second year at which the 
greatost number of deaths occurs is 76 in males, 76 in females. 

These numbers all refer to the Life-Table for healthy districts. 

Some of the other properties of the Life-Tables, admitting of innumerable applica¬ 
tions in the solution of social phenomena, will appear in tho following formula), which 
will be found useful in practice. 

71. USEFUL FOBMTUhffl. 

The following formulae will facilitate tho uso of the Life-Table. The figures must be 
taken from the Tables of Persons, of males or females, applicable to the case. Tho for- 
mube are general, and are applicable to any other Life-Table. 

(23.) wr=m # =sthe rate of mortality in the year of age following the precise age x. 

" 9 

(24.) * =1—^=the probability that a person A of the ago w, in average 

health, will die in the following year. 

1 1 I »r A A 

^=sp # s?s' £: ^sa:l--p==the probability that A, a person of the age s, will live 
a ye&cj < the probability that A, age x, will Me in ike gear following, as cer- 
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(26.) ty — =the probability that A, age x, will (lie in the next n years, 

.(27,) y-~tlie probability that A, of age will live n years. 

(28.) Put j and when 4+» is taken at such an age as to fulfil the conditions of 

the equation, then n is the probable lifetiimc~vio probaibl6~i\iQ time that it is an even 
chance a person of the age x will live. 

(29.) ~“=A,=the moan after lifetime, or as it is often called, the expectation of life— 

an incorrect expression, which is rather applicable to the probable lifetime. 

Note .—Upon Dicmoi vine’s hypothesis, the prohibits lifetime , that is the time that a 
person may fairly expect to live, his expeatatum^ was the same as the moan after lifetime. 

(30.) G^rstf+A^the mean age at death of persons who have already lived exactly 
x years. 

(31.) S=Cy ? =the number of members of any Society between the ages x and x+v, 
which will be permanently sustained by c .,. annual admissions at the age x. 

(32.) annual recruits of the Society (S). 

*“ir |» 

(33.) fr—ssaimual members leaving the Society (S) on attaining the ago x+n. 

' ' 'ii 1 1 u 

(34.) ^ | annual deaths in hucIi a Society (S). 

(88.) S^~ ? ==the aggregate number of persons living, who have left such a Society, 
as pensioners or otherwise. 

In the following formulae it is assumed that the population is normally constituted. 
(36.) ^sssA'fSssthe mean after lifetime of all persons of the age x md upwards, 

(37.) ^^^*s=^"=tho mean after lifetimo of all persons of the age of x and 
under the ago of ar+T*. 

(38.) c.^!*=the number of persons of which a Society will ulimaUly comets 

recruited by o annual additions of members in the tabular proportions between the age 
x and x+n* 

/Qrt % ^ 7^ i ^ I ft... I.V. A «.umIvaih (\<P MAMAMB fA fl flfv "hv rt TlATflnlfl 


(39.) o the number of persons to which a Society joined by c persona 
^ |» 

of the tabular ages x and under x^m would amount in n years. When u ; this 
formula will be reduced to the same form as equation (88.). And when x+ m, as well as 
x+n>cj i tihe equation becomes the same as (86.). 


MDOOOWX. 
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YU LIFE-TABLE OF THE SlXTr-TlHiEE IIKAI/EHIEST ENGLISH D1BTJMUT8 
Upon inquiry it was found that in many districts of England the mortality of the 
population did not exceed the rate of 17 annual deaths to 1000 living.. 

For the sake of convenience these were called healthy districts, consisting of sixty-four, 
or nearly a tenth part of the total registration districts of Eugland and Wales, and inha¬ 
bited by nearly a million of people: sixty-three of these districts have been taken as the 
basis of the new Life-Table, constructed according to the methods previously described. 

It will be seen that those districts, generally conterminous with Poor Law Unions, aie 
distributed over tho various parts of the country. They comprise— Hendon (with Har¬ 
row*) (17), Lewisham (17), and Bromley (17) in the neighbourhood of Loudon; Ham- 
Medan (16), BorUng (17), Brigade (16), and Godstono (17) on the southern slope of the 
Surrey hills; East Ashford ( 17) in East ICent, Blean (including Ilonie Bay) (17) be¬ 
tween Canterbury and the sea; ten districts of Sussex— Battle (16) near Hastings, East¬ 
bourne around Beachy Head (16), Uailsham (17), Udfleld (17), East Gr instead (17), Cuck- 
field (16), Steyning near Brighten (16), Petworih (17), Worthing (17), and Midhurst (17); 
seven districts of Hampshire!—the Isle of Wight scpaiated from tho mainland by the 
sea (17), Lymingtwi (17), Christchurch (16), Bingwood (L7), New Forest (17), Cnihenng- 
fon (17), and Almford (17); Wokingham (17), and Easthampsiead (16) in Berkshire, 
south of the Thames; Ongar (17) in Essex, cast of Epping Forest; Mutford (17), in¬ 
cluding Lowestoft on the Suffolk coast; Jlenstead (17), south of Norwich; Kingsbridge 
(17), on the south coast of Devon; Okehampton (16); Creditor (17), Barnstaple (17), 
Torrington (17), Bidefard (17), Ilolsworthy (16), scotching from tho centre over Dart¬ 
mouth and Exmoor, along the coast of tho Bristol Channel; Stratton (17), Camolford 
(17), and Launceston (17), in the adjacent parts of Cornwall, and further south St. Co- 
kimb (17); Willitm (17) in Somerset, also on the Bristol Channel; Winchconib (17), to 
the east of Cheltenham, and the Cotswold niJls around the sources of the Thames; 
Kings Norton (17) in Worcestershire, adjoining Birmingham; Melton Mowbray (17) in 
Leicestershire; Southwell (17) about Shorwood Forest, in the centro of Nottinghamshire; 
Garstang (16) in Lancashire, looking northward ova* Lancaster Bay; EmngwoU (17) 
in the North Biding of Yorkshire), Guisborough (10) on tho eastern coast north of Whitby; 
then follow five border districts of Northumberland on the southom face of tho Cheviot 
Hills ;■— Be ford (17), Glendale (16), BoMury (16), Bellingham (17), IJattwhistle (16) 
(is omitted in the Table); Longiown (17) and Brampton (17) on tho border, and Bootle 

(16) on the coast of Cumberland, the East Ward (17) of Westmoreland, Kmerfvrdwest 

(17) , on the western point of South Wales; Bmlth (10), Corwen (17), Pwllheli (17) on 
Carnarvon Bay, and Anglesey (17) comploto tho list. These districts, and others nearly 
equally healthy, have been thus described;— 

“ Such is the variety of the soil of England, that tested by the rates ot mortality, the 
children reared out of a given number born, the longevity of tho inhabitants, tho free- 

* The amd deaths to 1000 living of all ages inaorted in porouthosos arc dedneod from returns of the 
living ah o&uruses 1841 and 1851, and tho deaths registered in tho ton years 1841 to 1850. See 
Eegistrar-^sWa^s Sixteenth Report, pp. 141-168. 
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dom from common epidemics, or the immunity from cholera, Healthy Districts are found 
in nearly every county. Largo tracts of country arc, however, so much healthier than 
the rest, that they may be justly colled Salubrious Fields; and it is remarkable that here 
the finest races of animals are bred. The north districts of Northumberland mound the 
beautiful Cheviot Hills, covered with grasses, ferns, wild thyme,—extending from the region 
of the heaths to the rich cultivated land at their bases, touching each other, or intersected 
by narrow valleys; the districts extending from the r lces over the North and Last Hidings 
of York to Leicestershire, Herefordshire, and parts of Shropshire; some of the districts of 
Gloucestershire about the Cotswold 1 tills; parts of Wales; North Devon, including Dart¬ 
moor and Exmoor; the Surrey and Sussex hills with the Southdowns,—luivr given names 
to the best breeds of sheep, fowls, cattle, and horses in the kingdom.” ****** 

“The dry and most inland arc not always the healthiest regions of the country. The 
salubrious fields axe sometimes watered by running streams, and diversified by lakes; 
the dew is abundant; they arc often veiled, not by infectious fogs, but by mists drawn 
from the sky as it breathes over them; the mountains rise above, the ocean rolls at the 
distance below them, as on the coast of Sussex, North Devon, the western region of 
Wales, extending under Snowdon and Cadcv Idris in a vast amphitheatre round Car¬ 
digan Bay; the lake land and moors of the North, rising between the Irish Sea and 
the German Ocean. The land is sometimes heathy, hut may he covered by the sweetest 
herbage and bees feeding on the flowers: the cereal grains, the hop, the timber, arc olteu 
of the finest quality; the animals are healthy, the native breeds are vigorous, and those 
fine varieties are produced at intervals, which men of the genius of Hakkwklu Li.i.mais", 
Tomkins, Colling, and OKhlly make the permanent stock of the country. Industry 
and the army rueoivo their best recruits from the population; while they got their worst 
from the people of the low parts of sickly towns. Agriculture 1 m reclaimed many 
unhealthy districts on the plains, so that a considerable extent of the cultivated land is 
now in a state of comparative salubrity; and vast systems of drainage have subdued the 
noxious fens, although carried out less efficiently than is desirable, and interfered with 
by milldamB on tho rivers, descending like the Nemo from the inland high lands*.” 

The sanitary condition of the people in these districts is, however, still in many 
respects defective. 

* CONCLUSION. 

Halijby first pointed out tho financial applications of the Life-Tablo, and first cal¬ 
culated tlie values of life annuities. That branch of science, in the various forms of 
life insurance, has since received great developments. The new Table shows that the 
duration of life, among large classes of the population, by no means in unexceptionable 
sanitary conditions, exceeds the term of the ordinary Tables, and proves that life annui¬ 
ties cannot be sold advantageously by offices, or by the Government, to largo dosses of 
lives for less than the values deducible from the new Table. 

A new branch of science has been 1 developed since Hallos day,—it is the science of 
PubHc H ealth. A nd here a new ap|>HcatiOn of the Life-Table is found. 

* Report to the Eegistrar-Oenaral$n Cholera, pp. xov, xevi 

6x2 
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It it, probable, upon physiological grounds, that man goes through alltho phnaes of 
his nataal development in a hundred years; and that the period of aol,w Ulo ^ °'" 
extends beyond eighty years. But this is a very indefinite measure, as the rates of 
mortality, in all the intermediate ages, aro loft undetermined after it has boon aacci arno 

in what proportions men attain the extremo limits. 

Generations of men, under all circumstances, die at all ages; but the piopoi ions 
vary indefinitely under different conditions from a slight tribute to death each year, 
down to the point of extermination by pestilence. If wo ascertain at what rale a gene¬ 
ration of men dies away under the least unfavourable existing circumstances, we obt ain 
a standar d by which the loss of life, under other circumstances, is measured; and this 1 
have endeavoured to determine in the Life-Table of English Healthy Districts. And 
recollecting that tho science of public health was almost inaugurated m Bngtaud by a 
f or r pCT president of this Society*, who encouraged and crownod the sanitary discoveries 
of Captain Cook, I feel assured that it will receive with favour this imperfect attempt 
to supply sanitary inquirers with a scientific instrument. 

In a subsequent paper I hope to be ablo to lay before the Society tho mortality by 
different kinds of disoascs at each ago, as thoy liave boon deduced from tho same senes 
of observations, 

HEALTEY DISTRICTS. 

A.—Population, 1851. Deaths in tho fivo years 3 84.0 to 1858, Average Annual 
Mortality por cent., and Logarithms of tho Mortality* 

| Population. Deaths. || J logarithm, of lha moiUOltH^m). 


Deaths. 


Potions Males, I Females. Poxaons f Males Fomalis. Pm sons Malm, Ft mules. || Pasons 



3 * 


AH ag«a. 99 6 773 4935*5 

Under 5. i 3 o6 35 65700 

5— .. 13,2406 6x733 

1x04x2 56651 

18x339 9°°66 

25— . *36892 65422 

35— . *08056 52734 

45 - . * 5*44 4 * 3*3 

55— . 62857 3**o5 

65— . 39453 *** 6 ° 

75— . *6737 77 ** 

85— 2614 1097 

95 Rod upwards 128_56 


503248 

64935 

60673 

5376 * 

9**73 

7*470 

553 ** 

42861 

3x752 

20593 

90x9 

* 5*7 

72 



43736 

14282 

2080 

1087 

3**3 


43609 

12079 

2x29 

*290 

3490 


*753 

4*036 

*688 

* 43 * 

•728 



5*69 

2675 

3*94 

**S7 

*8x8 

•894 

5208 

*447 

2761 

*964 

*928 

*998 

5 * 5 * 

2698 

*554 

1*232 

1*273 

1*192 

700 X 

356 * 

3433 

2*228 

2*294 

2*162 

103x3 

5 r 73 

5x40 

5*228 

5 * 4*6 

4*992 

X0297 

4946 

535 * 

12*304 

12*817 

n*866 

35*1 

>555 

2026 

* 7*399 

28*350 

26711 

*74 

IM 

162 ■ 

42*813 

40*000 

45’qoo 


Females. 

* 3 * 



3*9332160 
3*984052 X 
2*0906909 

£* 347*365 

27x83350 

1*0900631 

*•4377287 

7 * 63*5706 


3 * 9 x 26300 

3*9675733 

2*1048802 

2*360(246 

2*7392308 

rxo 77793 

7*4525536 

7*6020600 


3 * 95 x 24 x 1 

3 * 999 * 9*5 

2*0761886 

2*3349327 

2*6982734 

1*0743066 

7*4266838 

7 * 6532 x 25 


JVb&.—The ages at death of 148 persons, Visa. 128 males and 28 femalos, were not stated j in calculating 
the mor tality they have been distributed proportionally over tho several ages in tho Tablo, Tho Table may 
read thus 1 186,892 persons, of whom 66,422 were males, 71,470 wero females at tho ago of 26 and under 
mufwtort in 1861; at tho samo ages, 6869, 2076 mojps and 8104 fomnlos, diod m tho fivo years 
o^gjwntLy the annual ratos of mortality per cent. were *867, *818, and *894. 


* Sir Jorar Pbotgi®. 
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Number of Deaths at five periotls of Age in tlie Healthy Districts, in 1848 to 1856. 









Ages. 








Years. 

Persons. 

Males. 

Females. 

J 


0. 

1. 

2 . 

3. 

4. 

0. 

1. 

2. 

3. 

4. 

0. 

1. 

2. 

3. 

4. 

1848. 

2935 

832 

458 

371 

312 

1678 

442 

244 

204 

162 

1267 


214 

167 

150 

1849. 

2932 

858 

541 

4-27 

292 


452 


307 

154 

1295 


278 

320 

138 

■mil 

2969 

mm 

466 

331 

301 

1676 


231 

164 

144 

1393 

406| 

235 

167 

157 

1851. 

3185 

932 

543 

341 

288 

1769 

502 

374 

179 

148 

1416 


269 

163 

|LJ 

1853. 

3405 


5G7 

389 

297 

1913 

446 

273 

206 

140 

1492 

414 

294 

183 

lull 

1853. 

3370 

946 

554 

376 

287 

1888 

514 

293 

179 

137 

1482 

433 

261 

197 

150 

1854. 

3404 

mm 

601 

386 

311 


539 

317 

197 

165 

1501 

Mn'Kl 

284 

1H9 

146 

1855. 

3350 

I 

533 

445 

297 

1948 

483 

257 

230 

156 

1402 

424 

276 

215 

141 


Number of Births in Sixty-three Healthy Districts of England, 1848 to 1856. 


Years. 

Persons. 

Males. 

Fomalcs. 

1848 

28679 

14756 

13923 

1849 

89128 

14751 

14377 

1850 

39699 

15176 

14523 

1851 

30163 

15466 

14698 

1852 

30370 

15557 

14813 

1853 

29214 

15010 

14204 


Ago. Malm. 

2) 39>fl07 sahirtlm in 1848 and 1840 

0 14,754=s births on January 1, 1841) 

l M, Waving on January 1, 1880 

3 12,664=aliving on January 1,1861 

9 12 ,390*asliving on January 1, 1862 

4 18,184=sliying on January 1,1858 
6 12,047 ss livlng on January 1> 1854 


Age. Males. 

0 1637=deaths in 1840 

1 in 1H50 

2 874*5{l«ath» in 1851 

3 206 sb deaths in 1852 

4 157a=dt‘Otl« in 1853 
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Table B.-The several values of Xp x on which the Life-Table of Ucaithy Districts 
based: also the corresponding values oip t and (1—^,) 


Age 

Xpt 

—logmilunb of the probability of hving 
one yeai aftoi tho age <r. 

Pi 

-probability of hvtnff a yeoi 

(1 -/»*) 

piobability of dying m a j(**u 

“1 

A 

Males. 

rtmalee 

Males 

Tomales. 

Malts. 

Umal s. 

0 

1-9480815 

1*9577796 

O 

on 

x>. 

CD 

GO 

• 

•90736 

•11880 

•09261 

1 

1-9844989 

1*9859276 

•96498 

•90818 

*03508 

•03188 

a 

1-9904341 

1*9904679 

•97881 

•97889 

•02179 

•08171 

3 

1-9938488 

1*9938928 

•98456 

•98467 

•01544 

•01533 

7 

1*9970729 ; 

1*9069518 

•99388 

-99300 

•00672 

•00700 

IS 

1-9984539 

1*9980197 

•99645 

•99545 

•00355 

•00455 

SO 

1*9969784 

1*9966588 

•99305 

*99238 

•00695 

•00768 

SO 

1*9964860 

1*9960967 

•99180 

*99105 

•00820 

•00895 

40 

1*9959051 

1*9956863 

•99068 

•98998 

•00938 

•01002 

50 

1*9943048 

1*9946669 

*98697 

•98780 

•01303 

*01820 

60 

1*9895894 

1-9908049 

•97631 

•97770 

•08369 

•02230 

70 

f*9761357 

1*9773538 

•9443G 

•94919 

•05564 

*05081 

80 

1*9480680 

1*9463188 

•87518 

-88373 

*12488 

•11687 

90 

- 

1*8747315 

1*8809176 

•74943 

•76018 

■25057 

•23982 


Note .—Ago a: is in this Table the prociso ago. Ago 12 is applied frequently 
to all persons of the age of 12 and under tho age of 18; but in this Table it applies 
only to persons of the precise age of 12 years, neither more nor less. Hie Xp 7 was in 

both cases derived fiom the formula Tho Xp u , deduced fiom this foimula, is 

for males 19988497, and for females 19979153; which may be regarded either as 
the constant or the mean values of A^io, Apn, tym tyu ! hut as these are the 

terminations of an ascending and a descending series, it is piobable, and quite in con¬ 
formity with other observations, that one, two, or moro of these values will exceed the 
mean value. The logarithms of p lt adopted are given above; and the two arithmetical 
means of the five logarithms, Kp m Xp„, Xp w and Xp u , resulting from the interpolor 
tion, are 1*9988688 for males, and 1*9979435 for females. 

Wjj# a 

The values of 0 , >p w .... are derived from the formula y,=10 ^ . 
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Let b be the decrement of the ordinate y in a 
uni t of time, then the decrement A y of the ordi- iking, go 
nate in the time represented by the abscissa, 70,000 
will be Ay=•—&*?, on Demoivrk’s hypothesis; 
and as it is always proportional to the time, it 
will be in an infinitely short time dy~—bdx. 

Passing to the integral y=c— bx. And if y=a 
at the origin when x— 0,6*=<x, y=a— hue. And 
if J=l, then y=ei— x. Tills evidently represents 
very closely short portions of the Life-Table 
curve; and the smaller x is taken, the nearer is the 
approximation to the corresponding value of y. 

Again, let Ay be the decrement of the ordinate 
y in the indefinite time Aw represented by the 
abscissa; and let the mortality (m) represented 
by the ratio of the area abfg to the area dfg be 

Let also m 0 increase at the rate f in a -jo.uoo 

unit of time, so that =p* =w,=and 

generally within given limits ; then 

Aysz—yMtAw nearly, Aw being any small por¬ 
tion of time. S 0 ' 000 

The error increases as the lime Ar is extended, 
from the circumstance that on the one hand fit* 
varies by hypothesis momentarily, and that y, 
from which the varying proportional part is taken, 
constantly grows shorter. But by passing to the IW 0 
limit and making the time dx infinitely short, 
m x and y during that infinitely short time may 
be considered constant, and dysz -~ymjLx will be 
the true decrement. Substituting w* for rn, m 
the equation becomes dysz —from which 10,000 
the value of y can be derived, as before shown. 

For ^=— poT'ctot and integrating both sides 

y 

Here X, stands for the logarithm 
having»for its base. „ . - , s 


ai 


Agoe. 


32 


40 


41 


42 
- -1 


d 




Jr 


¥ 










ti 


[DU 


w 


-.A*... .. 


L - .AiTk.a*. 


W^IIMlnhP 


At the origin of the curve, when *w0 f let y wl* And then X,ca»^. Now substituting 
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this value for V, we have Ajr-jJ-SJ-. : «nd 1«*»W «><’ 

number, Pu tting Tc for the modulus of the common logarithm (\) having 10 

for its base, we hove Ky=f, and Kr=j, « 1«»*W to lko muul,( ' r ' 


y=10*ST (l “ ,) . 

Upon the one hypothesis, out of a generation of men an equal quantity of life * is 
destroyed in equal times, out of diminishing quantities in existence, th v proportion that 

perishes of the residual life constantly incrcabMiff* 

Upon the other hypothesis, a derreabhuj proportion of the residual life is destroyed 
from birth down to the age of puberty; in the after ages, a proportion inmmimj at 
different rates is destroyed in equal times. The quantity of life dent roped in equal times 
may be the same, or different upon this hypothesis. And in wry short intervals of nge 
the differences between the gvmtities of life destroyed may be so inconsiderable, that 
they may be neglected. 

The two hypotheses may be illustrated Assume that at every beat of the heart an 
equal quantity of vital force on an average is consumed in Vxcosh of that produced; or 
if this does not happen at distant ages, assume that it happens during two eonsecuthe 
years, two consecutive days, two consecutive pulses of a generation of men, and is repre¬ 
sented by tho deaths in the two intervals; this will give an idea of the first hypothesis. 

The second hypothesis will be represented by assuming that, in addition to tho exist¬ 
ing force, a certain amount of vital force is produced, while a certain amount is also 
destroyed at every boat of the heart; the quantity destroyed exceeding the quantity 
produced in a rh‘minishi?ig ratio, and then in an increasing ratio; tho proportional part 
destroyed being for this purpose always represented by the proportional number of 
hearts beating to the number of hearts coasiug to beat at every instant of age, among a 
generation of men. The respirations, tho sensations, the secretions, nutrition, and all 
the vital acts may be conceived like tho heart to influence tho continuance of the vital 
force ; implying here simply tho force which sustains life. 


* The quality or the intensity of life at diflbrout ages is purposely out of coiiBuloratitm. 


Jme 15,1859. 
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Table 1 J 1 .—LIFE-TABLE OF HEALTHY ENGLISH DISTRICTS, 
logarithms of the Numbers of Males and Females living at each year of age. 


Feiiinlon. 


•H77773 

* 11 1601 5 

• 10 r >21 fln 

* » 9 f? i ^ ** — 

• \h I iS l 9 

-A7 * •!«*>« 

I ■.i«n>7 , M7 
-.W <M»7 (»b 
l-HbJ737 
MJ25H37 
I -9 
1-29 unfit 
L •'*73777*1 
[U5,| (138 t 

|. 2338287 

|*21fIS 3 5 
[.lMifn 80 

j • 1 {>9647 J 
1*1 Jo.I ’-fir) 
1*09 *..1537 

l*u if* it s 

3*hh*M l *:ii 

J*M»V»LI 

.4*7773*1^0 

J* 

3 * 

3.570028 2- 
3*1889632 

3.1011004 

3*.iOti40sl3 

3*2038228 

3- 
a* 
a* 

2* 
a* 

a. 1020471) 

2*2323219 
a *0507739 
1*8567082 

1*6497793 


Ths abor« Tabic* were ooloulatod and atwooglyphod by Sciurota's Calculating MaeMuo at the Utnioml OHr*% .Somerset 

Houm. The improwion km made by ihe maehino on papier mark* In tho dry alato. Hheol l«ul received the In tho 

original Invention. Tho nee of papier macht waa auggoetod by Mr. W. Matthkkh, Overseer in the Firm of Messrs. Tayu>u unit 
Jfiuwne. In the wet aUrte, aaiila used by atorootypo founders, papUr mach( did not however awecoed; but after several trinls, it 
waa Brand that dry papier *nceM t black-loadod, supplioa a good mould for the stereotype metal 

wMBCOOLIX. 5 T 


1*4290811 

1.1940526 

0.5440266 

0.6783194 

0.3962318 

0*0970476 
9.7800361 
9 . 4444^60 
9*08901 60 
8.7144646 


ogaaKHo 

9742066 

8460701 

J 083699 

C06372 


7137070 

6448 iuf> 


X/jH 


Ago. 

X. 

0 

1 


Males. 

4.7O86364 
4*6566579 
4*fi/| 11.608 
4*6315849 
4*6248271 
4*6193100 
4*6148170 
4 * 0 112225 
4*6082964 
4*6069001 
1*6038946 
4*6021611 
4*6oo556o 
4.6990100 

4*6974279 
4*6967387 
4*5938865 
4.6918269 
.1*68063 14 
4 *6869878 
4.6841961 
4*58 t t()7* r > 
4*6780627 
1*67 18607 
I *67 i(mm»8 
1*668.'8o8 
4*6649078 

4*6614874 

4*5580344 
4*6645223 

4*6609835 
4*5474095 
4*6438006 
4*6401657 
4*5564730 
4*5327494 
4*6289808 
4*5261620 
4*6212864 
4*6178467 

4*6138342 
4.6092393 
4*5o5o5i2 
4.5007679 
4*1963466 
4.4918029 

4..I871119 
4.4692670 
4.4772210 
4*4719662 
4*4666301 
4*4608340 
4*4548778 
4 *a 86368 
54 A* 4420848 


3 

4 

5 

G 

7 

8 

9 

10 

11 
1 2 
u 
•4 
15 
iG 

17 

18 

»0 

20 

21 
2 1 

2.5 

-«*J 
26 
26 
Hi 
2 S 

29 

3 « 

31 

32 

33 

34 

35 

36 

37 
3« 

39 

40 

4t 

42 

43 

44 

*r 

46 

47 
43 
49 

30 

5 1 

52 

53 


Ago. Females. 

x . 

0 4.6890835 

1 1*6468631 
a 4*63*175107 
3 4 * 6 — 3 2 »> h 6 
*| 4 *61 (ifi.'i 1 | 

5 4.(11 10606 
0 4*6066737 

7 1*6028960 

8 4*6998162 

9 1*6972668 

10 4*695009] 

11 1*6909197 
u 4 *.>909763 
t J 1*0889960 
il 4*6869,126 
16 4*6847269 
16 J *683,1368 

U 4 * 5797.173 

18 4*6769202 

19 4*6738947 

20 j.6706868 

21 1*6672 v.l6 

2 1 1*.16 39166 
2,1 4 ■!»[»« 1-37 

2<| 1*55 6 *.6611 

i.) 4 * 00321 il8 

20 4 * 0 ]96779 
2/ 4 *6 J 586 .J ii 

2S 4*j>20830 

29 4*5382066 

30 4.53*4046 

31 4.6306013 

32 4 * 5266.666 

33 4*5226708 
3i 4»0l85435 

35 4*5114739 

36 4*6103600 

37 4 * 5 oG 30 i 6 

38 4*6019942 

39 4 *-1977353 

40 4 * 49843 X 2 

41 4*1^90476 

42 4-484(1093 

43 4*4801012 

44 4*17 5fi, <72 
46 4*4708606 

46 4*1000943 

47 4* 1012104 

48 4*1662807 

49 4.4612061 

5 0 4*1400074 

51 4*4406743 

5a 4.435^62 

53 4*4296620 

54 4*4*87fifi8 


xf,. 


Ago. 

,r. 

Mules. 

5? 

l*|. 5 fil 9 W 8 

56 

1 * 1 * 795 l 1 

57 

l*|.so;i 3 t 1 

5 S 

•I • 1 1 ”*’7 1 9 

5 ‘l 

I* | 0;}'/7 6 8 

60 

1 - .9 i: 5 'M*fi 

Gl 

1 *. 1831 ) 79 !) 

62 

|*.$ 7 »fii f».| 

0.1 

1*5299618 

64 

1 -.5162381 

65 

4 *. 5 Ji 2 (i 7 8 

66 

KJi 1978(5 

67 

] *2972628 

6S 

69 

l* 5779668 

J. 1669s 1 J 

70 

4*2311 H« 

7 * 

I* *092775 

7 ‘ ! 

[•1822024 

7.1 

1*16071 *l(* 

1 *1206968 

71 

76 

> • ci S 661 f »7 

76 

1*0 17,6 ’ '1*1 

7 # 

1.0060'* 1 

78 

A*!)(‘«".l , 77 

76 

. 5 *111 thill8 

80 

. 1 *S 6 ); 6 o 8.5 

81 

j*Soo6*/6.j 

8.J 

83 

J* 7 J 77 U 1 
3*6695542 

81 

3 * 6 {)fi 73 J 8 

83 

,1*6168641 

86 

3*12961 5 9 

87 

3*3363963 

88 

3*2367683 

80 

3*1274600 

9 » 

91 

02| 

3*0109034 

a.« 856 ,U 9 

3.7611463 

93 

3.O069196 

94 

9 * r > 

3 « ( j 624273 

3.2871223 

9(5 1 

3*1104,126 

97 

1*9218108 

9 « 

1.7206337 

1 *5063024 

99 

100 

1*2781936 

101 

1.0356640 

102 

103 

o* 7780608 
0.5047118 

104 

0*2149296 

O O 

9*9080117 

9*5833396 

107 

6*2398782 

108 

8*8771808 

109 

8.4948792 


Ago. 

x . 

~66 

56 

5 / 

5S 

5 «) 


60 

61 

62 
6.1 
61 
u;> 

t >6 

67 

Gs 

6 '.) 

70 

7 1 

72 

7.1 
71 
7 * 
7 >» 
7 / 

79 

8« 

Hi 

82 

8.1 
81 
86 
86 

87 

88 

89 

90 

91 

93 

93 

94 
9'» 
9“ 
97 
08 
99 

too 

101 

10a 

103 

104 

105 

106 

107 

108 

109 



Table C.— TTRAJ LTHY DISTRICTS 


m. TAKE ON THE CONBmOTION OT LTFE-TAELTS. 


O M (« M* TON*® 8 H H H* h" M H H H W 8 « 8 « ^ **8 S'* * « «« W & «« 8 5 * 1- 5* 3* 3V«^8-$ 


00 ' 
H m; 
U1* C7V4 


*Ov 0 H QVO tn ^OOQ H 00 SO cj VO v>0 J^OO; SoJoO 0 0 0 0? 

1 Jr g.S§ STS M h* h* h S' g 3 !T8 « " Srf S'* 


oo oo 0 0 m rt tn vioo gv g 5 s 

ODHHH hhhhh * t* w ww 
tn cn n m <n 


8 tsM «H tl 
M s£ 0\vnO cn 
3 ts«nos« *o 

a •"« 


t% h in ms© 

Ct 4tsM00 

+ w rt « H 


S*}}$t*mf& 


rt n soo o 
n r^oooo oo oq oo 
tf * « « * a 


mm 


to to snvo oo 0 
On ON Os ©* Os O 
« * 


SO 0 H O 0 VI 
os o y 0 » n 
* WWW 


0 0 O 
Sti /iS t 
n tn<A ro W 


unoviwiH t^rtmosM 
o\Qoootm *oo m vr> os 

g w& J? S 09 * 141 * w 


msisi ssh* mmc usn mu j «m s»w «r« 


a£fc;r5: 

utaii 

wron^ m 




WMWW « (i rt W H 

ww^ww wwtnmw 


H 0 O 
(«M«W 








uimi 

wnwww n to i 


j &« 

yin S' 



srmii nm 











DB. FABR ON THE CONSl’inrCTlON OF ufwabijss. 


871 









Tabus D.—HEALTHY DISTRICT^ Pebsons. 


DJJ PJCRB ON TIIE CONDUCTION OP LIPE-TABLUS. 


^tsooft gHjJWjJ. OHrtjnH; ^ ^ ^ Os 


"f H 

r^fs 



111 


m h oq m rt m 4 N m is 
t 4-0 rt q VO cotn 4 H 
Nmcn44* OvQts^in 
Ovvo m tsvo oo 3* 0 oo vo 
H H dsmoq Q 

m m o\ m oo m 0 rsv5 
rt oo 4 

vo vo m it j- 4mm 

mhhhh hmw 


rt oo v O' 
+ pon« 
H M H H 


& k 


inQ\N0« rt ov*£ n* 
4* 5v m m m oo vn 0 d m 

m q oq 4 m oo o n 4 N 

4 ci oo 4 *j 0 0 N«n + 
0 00 cn Noo 00 m 0S rt « 

m 4 mio oo w m gv m h 


0\ in h cs cn ch m 

rt rt H H h o 0 

H H H h M U N 


f rt moo 0» m f m 4* rt w *• rt m 
0 4Os commend & h i* os rt 
S ?. h Ov n rt no5 4 Cv n N o 
in cn m rt h 4 cs m rt q h.4?\rt 
moo 00 vo HmrtOvcpjMvg tsvo 
m m rt rt cn 4 so 00 rt vo * vo rt os 


is. H H Trrt moo 
q m m4Q 40s 
4 IS H H rt N H 

m 4 rt in cn m rt 
rt « 0 in 00 00 

in h oq m m rt rt 
h 00 4 * h 00 m rt 

0100 00 00 is N N 


cn 4 vo 00 rt vd H VO rt O' 
Ovid mooo inm000 in 
1$ vo 10 vo »n in in in 4 “ 4 


q n 4 os m m h h moo vo oq 
4-Mvdtsvo h mnso ts mo* 
o h vo rt ov isvn4mm 4 m 

inn0 n m rtH (j,Nin inn 


rt m 410 00 is 4 ov ov *n *000 vo m m n os 

Ov rt m £.00 0010 0 0 4 os rt Q 00 O q 

mo vobvqooO voOvmrtH noon >00 
os m mh H 1000 vo oq 4 rt rt cn 4 vO r vo 
Nvo Hinwiots inOiONO Os 4 m rt m 
rt Os tsin + nrt 4 nop DO is rt N in Os 

w m m h 0, N m von osw vo 4 m * o 00 


14rt mm m m h rt ft 


« 00 n >00 
cn4vO 1 vd 
Os 4 in rt in 
is w N m Os 
4 <n h Q oo 
rt rt rt rt h 


wi V r* *■ ■ N ^ w WI1S 

00 00 tsvg m 4 m m « h 
4 4 444 v 4 4 4 4 


rt 0 40 os ts ovoo 0 h ovvq ovoo h m 4 rt moo N 4040 v 4 rt m Q <0 H N 0 0 h £m m n 1 

rt ts in 10 00 noo moo h 4*rt m m cn 00 rt nNog o >0 m 5 n rt m416 oq pi L nmoo vnoo is rn 1 

m N ts 010 vo os Noo mvommmtsiOrtmom rt 00 Osvp os 00 <n 4 M 4 y O^m Ajn 4 « mvo m 
rt rt m mvo 00 5 mvo Q 4 Ov 4 q vo m m ovoo n N noo 0 rt m ©s moo m cKmmoosooooooos^ 
vooqqrt4vo$vH <nv 5 00 5 mvo oo h 40 o\rt moq h moo n 40b h m 00 rt vo 0 m ism nos * 

0 Os Ssflo ts vo m m 4 m h rt h 0 Ov Osoq Nvo 4 » m 4 4 m rt rtHOgOvopoots n»o m in 4 mm 

4enmmmmwmmmmmmrnrt rtrtrtrtrt rt rt rt rt rt « rt rt rt h h m m w h h m m m m 


iw 


1 rt 00 rt 
< Q mvo 
> rt ts n 

1 00 in 4 

isWOOW 


SHI 1 ??. SsHIS 6 S «4 wsssaneffs, ausucN 

1 lull ek€{ ittfft emi naf Mill mu Mi-i 


4 (t i mvo 
1 h 4 * m n 
rtvo osrt »n 

iWMM 


Ip 

* if 


HfH jj 

os jn rt m\b h tsM h 00 00 m h m is. v 


1 M St fts*£ 

wws sm» 


50 m h mis m is rt h m 
m rt m4m Nosrt moo 
0 i! 4*10 00 6 rt m t> os 


Nortoom HwmNrt 4osrt 
60 m moo N m m 0 h 0 vo 0 4 
if n rt n m 400 00 m 4 p en h 
Ov Jl moo rtvo h N m O esu- 
0 rt rt 4 N os rt mrso 


RvgS&R 

m m m en tn m m en 




ovoo 00 tsvo 
rtrtrtrtrt 


mm 4 tf 
rt rt rt rt 


ClCtlilliS 
L fc lsl Hill 

M M H H H HHWNH 


^ 111 8ffl mil fit! fflSiffl MSI fSl ill ilill 


uattiMt wes ub> uw w; siih »m 



s s a ffj!« « ? 8S8?# nwt urr* srms wq.?* qr4«j: 



iUHi imt urn mn urn whs m w a*** * m ***** ? 


* 80f* S'* mu 


Rasifi* srrrs ia« *r nnJr a#*** uss* cm* g § g gf n 







(i) Sum of the living, (i) The years which thd 


874 


Mt. TABS ON TIIN OONBTRTKTION OK IjTTWAB liBS 

















DB. FjUJB ON THE CONSTBTTCTION ON LIFE-TABLES. 


875 


m\Q tsoo os o m d w* vnvo tsoo pi 0 h rt cnth sovo isoo os 0 w rt tn ^vo f*oo os 0 i 5l 2! 4 fcO£ 2J 8 S fl f? jt JT'fi 
8> 3l 5l 5? 3* Si VS VI so S SO \S vS SO SO SO S so $ VP NtsStslN N ts In ts 0000000000 00 00 oo 00 00 OlOlONOlW OlOlOlOSOl OOOOO 00 


£o3w3- «Vi'S, a OSrnSOj 

q sow so 5 n & ^ g ,sf> h w 2 

rt W piso N 4r 0 tr\ rt so SOOQ * 

H 0 rti 01 MO rt w tN 00 rt 00 tsw 
P,MvioimWrticr»-+0 1 seen Osvq rn 
wooh-voso »o vs rtxnrt rt rt 


m v» rt ts p 0> 
rt 0 ts m N 0\ 


os 

i + sSrt 


■ PS rn w 00 m rt s© 


rt ossq '$ H SH « o^sfl NO + WVD 0 SP gs n so rt 

ri H 4-wSm Q VO rt SO V) 0109 xrOO rt M ^ OO Os + rt 
Oswthw os 3 rti 4 spso Ostnsnrt ^ og »ntnN 
vso w noo tf-rt rttsp h iNincod h 
so rtio r>so h w 

h H rt 


rt M rt H H 


NO M «*00 O'© 0 < 
h nw Wv os f* rt ; 

H p rtl 0 H VO SO H < 
SOSO fc> OS M wfi p * 
^ H 00 SO W 0 5? I 

VO VO so SO SO so ** 1 


H * rt oo vo vp oo M 

SO 00 00 00 V OS (•■» SO 


5S.fi 

n en m rt 


H 5 s tsv?s 55 

0 t> so ffl H o* 
rtirt rt rt rt w 


ISOvH rt 

im 


W FftS SS JiSSSvJ cJjSsSh 

iN so rt h 8s oo tsso so ^ on *i rt rt 

N H H M M 


8 S'{?&i$S 
df 8 * 8 £ 5 

m «n rt rt h h 


*M f Si'S'S'S $53 8 

H NhH 0 M sopsp ^rt«" 
0 *0* rtirt H rt 


is rt Is 00 <+H 

SO <OH 


Os w^wento so os *rtsw 
vn vo a so <4* (i rt 


g»'o» +W0** gilS" & 9. & ho 8 &8<3;$$'3o$!?rt 

si«s rSH |*t»* JlgHSSsfefSfmmh sis-srs -- 

rt rt rt ft rt rt rt ft rt rt rt ft rt rt rt ci H w *■ “ ^ w M MM 


mi mi mmtm mu pp ip* ^ w * 

l&g&S a$ff * flsaHtm £s*s*M u**» *« 


IB h «» mil S» ««» ikw «*“" 


p\ns* rtirt 


tmt&umtftammgi ntuufti hhi ms»»« mb . 


lURK* RR &&$> 4 ££^*85*85 1 8.RRS* S§Sf? H 


* F* fe i(4+/,)X(*9723)* The factor *9725 las bee* iatrodneed, to the number livrrr is the Snt year is less than the arithmetical mean of those born and surviving a year. 





^TaBos F.—HEALTHY DISTRICTS. 

* V ' 


876 






t si *«?* ww? 

r, -i 1 J 

1 ^ t f r ; * , 

i * 1 < ‘ »>* 4 J * i A .i ^m' n i mh i- S* ** 




m. FARE ON THE CONSTRUCTION OP LIFE-TABLES 


877 


s&tAft tow* rruk* smc jtotototo* sms §s§22 ss 


«noo too a CQ *£;f£ 

gai?;?s’ flsffi 6, 

Imb* &Ja;& 


O «orh + «o WHNWio P'f>»bS 

H ^OsWO « POOsH H 

m® vntfvo S N h h«M> + 

rt S ? *SS 31 Os 5 N to 00 NJJig. 


VO 00 *0 f4 H 

10 mw m« 
to « 4 


oo^nw JJ 
Mwwn rt 


3 Kftft'Sktfi NHN 
10 rt o>Nto<0 h 000 

tiHMMH HH 


ts <0 «t 0 m H 4oo W 
MNtlfl rt 4*® Os + 
0 00 IMO ''iTtntl rt 


lOrtOQrt VOHNOvH HVO C> OsOO £ U J2 P H 

cncnriM N £ h Os <1 2. £ P £ S5TS2JJ? 1 w 

momogs mo S^^” H 

tfWO WM *0 O OS * 4 0 H 

os »n a os t*. m h h 

H H H 




* Os ts m *J- 4H 0 goft 
0 4 m fsto h CO ft 9 H 
P* & VO 4 t> * 4 00 to 00 

00 0 cn« OS PINHO H 

wSoomc* ots^lQ 
so so m m in 


0 os woo 0 «n h 00 jjto 
w w 00 m rt so 0 2 m H 
iflN^OOOO jMOOvOtr 

fr* cn a t* mi . 3 * fS as 
tv tn m 0 00 vo tj* « Q 00 
enww^rl wwrt«« 


1 H 00 tnio M»n rt moo N ONH H n 

TOSs.’MSsfc IfSPSl 

•«W^ OOHV&HN 4f« *S2 " 


00 H N 4f} 

so tnm<4 0 osoo 

H M N « H 


tsvo m ^wi 


+ tn*t 4 M N 000 f\ •+■ to MiWNtp i 2 ir 
tTsmSoc N vtso w m & <* N in jf <00 * tf 

1ONW0 <1 00 S Os moo *n w ft * 


S’? SlSSiS 

ftSaS* 


m mto tl 
rt h 


mu m h 


n « t* 4 w » 


?sil!{|sf| ISHIBIIlSiiSis as m m*"***"'' 


| i^f pH? Ii|l 

*$!$$ wI?C 53 ^^«w< 


k|||j |Sg£| I'l^Jif SilS? *w** * 


MSlimMnwiWHWaawHHHHH 




it&KflUtMm 


mMftUtUftit UWJHntttM ***** »**"” M 


rr~, mv rir- -* nui iff ^Y^Ti-^rinrH T*^J 


u«.aa &nu u&s* |§gjf 


MDOOCLIX. 


5 


*^T^^cf^I 1 | fc ^^d«&n^e«rrirfo«t.«w S 2-490, 1^50,ted<«03 t »,d a« 1*240,0^47, ani 0-325. The apparent anomaly that no death happens between 

f"iVfciftHhfc}XC^6037). The foctor-98037 lw ten introdaced, as the amber Bties in tbs first year is less than she arithmetical mean of those born and somvmg a year. 
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Table G.—HEALTHY DISTRICTS TIRE-TABLE. 

The Mean Afteb-lifetime (or tlie Expectation of Life) at the ago x, and at tlio ago x 
and upwards; also the Mean Ages of the Livnra and the Mean Ages at Death. 
(Constructed from Tables D, E, E.) 

~ persons. __ 

- —j Mean Age at Death. 


Age 
(or put 
Lifetime). 





Mean After- 

Mean After* 

lifetime of 

lifetime of 

Persons of the 

Persons of the 

Ages. 

Age « and upward?. 

A 

A'-!' 

A '-Qi* 

4900 

33 9 * 

54**6 

31*98 

51*08 

49*91 

47*85 

47*1* 

43*45 

* 5*84 

40*05 

* 3*79 

36*64 

41*76 

33**7 

| * 9*73 

49*64 

»S-o5 

* 7 * 7 * 

*571 

32 

1374 

11*84 

* 5*37 

10*04 

SB 

14*49 

9 61 

7*34 

5 * 5 * 

5 * 5 * 

4*36 

4*10 

3 * 4 * 

4*65 

3*05 

4*49 

4*05 

174 

**47 


Mean Age of 
Persons living 
of the Age * 
and upward*. 



51*76 

54*73 
57*71 
00 71 

Hit 

70*04 

mi 




MALES. | 

After-lifetime 
of Males of the Age#. 

Mean Age at Death 
of Males actually 
living at the Age #. 

.% 

** 5? 

#+A*. 


The ftffifehity'lte jfead 
while peanut of the &ge*j 
26 * 82 ? most. The 
pwcUe age 20 WBl 



42*56 

es 

6 a*ao 

63*40 



85*37 

89 ox 
9**99 
97**5 
xox 69 


Of Persons 
actually living 
at the Ago *. 




49 00 
6108 

6t* IS 

63 45 
65 05 
6664 

68 17 

69*64 

71*05 

;rts 

75*37 

77**9 

79 * 6 * 

8**34 

85*5* 

89*10 
9305 
97*9 
101 7* 


FEMALES. 


Of Persons 
actually living 
at tli<> Ago * 
and upwatdt. 


*+2AV 



70*70 

7**64 

7**58 

73 * 5 * 

74*46 

75 * 4 * 

764 * 


8 i *74 

81 * 7 * 

86*o» 

88*7* 


Mean 

After-hfatime of 
Females of the Age x. 



Mean Age at 
Death of Females 
actually living 
at the Age x. 


js-f'A*. 


4945 

srii 

47*<>4 

43 * 5 ° 

40*18 

3685 

33 * 4 ® 

30*00 

*6*46 



6**04 

63*50 

65*18 
66 85 
68*46 

70*00 

7**46 
7*87 
74**4 
75 69 
77*J8 
79*85 
8**54 

85*64 

89*19 

93*11 

9 rs» 

10175 


1*<M 



hi fee Uaafthy PitttfoH of England of the preebe age 20 wiU live on an avenge 48*46 yean 1 
tfttferdjh Jiv&^jh^«aniirin«41y <5cmatS4ttt«d. population of the atme character* vfll Uve on an average 
20 feAfctfMfcftia 45*82 yean} the mem age at death of persona living at the 
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XXXV. Photochemical Researches. —Part IV. By Robert Bunsen, Professor of 
Chemistry at the University of Eeidelherg, and Hbnby Enfield Kosoojs, B.A., Ph.B ., 
Professor of CJienvistry at Owens College , Manchester, 

Eecoived May 20,—Bead May 20,1850. 


The measureless store of energy which Nature has amassed in the sun s body flows in 
an unceasing current as solar rays throughout tho universe. 

The labour expended on tho earth’s surfaco in the maintenance of the animal and 
vegetable creation, and in the production of goological change, is derived, almost 
exclusively, from this source. 

Those of the sun’s rays which vibrate most slowly, and form the ml portion of the 
solar spectr um , including the rays visible and invisible which surround them, give rise 
by their absorption, more especially to the thermic actions observed on the surface of 
the earth, and in both the fluid scones which ns ocean and atmosphere encircle the solid 
crust of our planet. These rays constitute the sources of heat which, in those grand 
processes of distillation and atmospheric deport, have effected those vast transformations 
of the earth’s crust, by tho study of which we obtain some idea of the immensity of the 
sun’s action exerted during goological ages upon our globe. 

Of a totally different kind, on a scale less magnificent, but not loss important, are the 
effects mainly produced by the more highly refrangible and more rapidly vibrating 
portions of the solar rays, These rays exert the most marked influence upon tho chemical 
changes on, which tho vegetable world depends; and < are therefore of the greatest 
importance as regards the character and geographical distribution of organic nature. 

Although tho atmospheric phenomena regulating the amount and distribution of the 
chemical action of light on tho earth's surfaco have not as yet boon systematized to the 
same extent as the thermic, electrical, and magnetic phenomena of meteorology, the 
roason is not so much that their importance has been overlooked, as that the difficulties 
which surround an exact investigation of the subject have up to the present time proved 
insurmountable. If in tlic following research we have attempted to clear a path towards 
this new field of meteorological inquiry, we trust that these acknowledged difficulties 
may in some degree prove an excuse for the many failings which our investigation 


All experiments on the above subject can be of no value until some method has been 
discovered for exparesistejg the chemical .action of light in terns of: some general and 
comparable measure* To this point, therefore, we tveqre first obliged to direct our 
attention / ‘ 1 •” - ;v ■ 
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I OOMPABATIVE AND ABSOLUTE MEASUREMENT OE THE CHEMICAL BAYS. 

Id. all photometric measurements, whether made with the eye, or by means of thermic, 
thermo-electric, or chemical' agencies, the great difficulty has been to obtain a convenient 
constant source of light. . 

The flam es of ordinary candles or lamps are subject to variation in their optical and 
chemical illuminating power, such as to prevent their being employed when any great 
degree of accuracy is required. The intensity of the light evolved by a wiro heated to 
whiteness between the poles of a constant battery is also extremely variable, as an 
imperceptible alteration in the quantity of circulating electricity effects a considerable 
chang e in the l umino sity of the incandescent wire. These difficulties are, however, 
overcome when a flame is employed which is fed by a current of gas issuing with uniform 
velocity. Olefiant gas cannot be advantageously used for the production of such normal 
•flam pa ; not only on account of the difficulty of preparing large quantities of this gas in 
a state of purity, but also because on combustion it suffers very complicated decom¬ 
positions. Carbonic oxide, on the other hand, bums without elimination of carbon, 
does not undergo other secondary decompositions, and forms one product of combustion, 
namely, carbonic add. In other respects too, especially on account of the considerable 
chemical action which it effects, as also from the ease with which it can be prepared in 
a state of purity from the salts of formic add# the flame of carbonic oxide is particularly 
well adapted ior absolute photo-chemical measurements. 

Theamount of light radiating from a flame does not merely depend on the mass and 
constitution of , the iHunrinating material, but is often even more influenced by the 
particular drcumstances under which the combustion is effected. We have therefore 
been obliged to determine, more accurately than we had previously done*, the condi¬ 
tions most favourable to the constant evolution of light from flames of various kinds. 
The flames formed by the combustion in free air of gases issuing from small openings 
under,a pressure of even only a few millimetres of water, are subject to such changes in 
foua and temperature, arisi ng from the production of lateral currents of air, that they 
cannot be employed as constant sources of light. When, however, the pressure under 
which the gas issues differs but very slightly from that of the atmosphere, the flame 
assumes a perfectly constant form. In the following experiments the rate at which 
the gas issued, from the burner during the combustion of the oarbonic oxide, which 
cohsteat source of light* was only 129*9 millimetres in fee second By 

sage of'issue of gases, not . fl&teb which in 

this case ‘ of pressure 

yriueb forcestha jit of water of 0*001 milli- 

' metre in height.;■. Wh^‘,4i4^iii|^ jmfcx so s%ht a pressure, and bums from, an 
sev^^milhr^ W ' ih the blackened tin box which we 

riy^describedf, the flame assumes the form of a very obtuse cone and burns 


t Ibid p. 875., 



' * Transactions, 1857, p. 874. 

si 1 i * 
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The flame of carbonic oxide, upon which all our measurements are founded, issued 
from a circular platinum burner 7 millimetres in diameter. The normal velocity with 
which the gas issued, was taken to be such that 6 cubic centimetres of gas, at 0° C. and 
0*76 pressure, passed through the burner in 1 second of time. As, however, it was 
practically impossible so to regulate the supply of gas that it should issue exactly at the 
required rate, we were obliged to determine, first of all, the relation existing between 
the supply of gas and the luminosity of the flame. This determination we have made, 
by means of photo-chemical measurement, for velocities of issue lying near the standard 
rate of 5 cubic centimetres per second. The carbonic oxide used for these experiments 
was prepared by the action of sulphuric acid on pure formiate of soda, and after being 
washed with potash, was collected in a largo gasometer, previously calibrated, in which 
the volume of gas could at any moment bo read off, and the temperature and pressure 
observed by means of a thermometer and manometer. The insolation-vessel of our 
chemical photometer was placed at a distance of 176 millims. from the flame. Ihe 
gas contained in the gasometer under a constant pressure of 0 m *8 of mercury, passed 
through a very narrow stopoock into the wide tube on which the burner was placed, 
so that when the gas issued from the burner the excess of pressure over that of the 
atmosphere, measured by a small manometer, amounted to a column of water a very 
small fraction of a millimetre in height 

Tho actual observations which arc thrown together in the annexed Table, were made 
in tho following manner. Ono observer at fixed intervals read off tho chemical action 
of the flomo as seen on the index of the instrument, whilst another noted the volume of 
gas contained in the gasometer before and after the experiment, as also the temperature 
and pressure. 

Table L 


I 

IL 

IXL 

rv. 

V. 

YL 

TO 
$ i 

vra. 

V, 

1 

£ 

9 

4 

4 

0 

9 

10 

/ 594*7 
V 4874*8 
‘SOOT'S 
18837*9 
/ 9996*7 

4 9439*5 
/ 8600*8 
X676**l 

m 

0*8£30 

0*8844 

0*8854 

0*8880 

0*8179 

0*8195 

0*8199 

0*8819 

84*0 C. 1 
80*0 C.J 
80*0 C.\ 
80*0 C./ 
19*5C.\ 
19*5 C.J 
80*0 C. 
80*0 C. / 

41*8 

56*7 

34*0 

41*5 

5*950 

4*675 

5*839 

8*053 

13*038 

9*450 

6*799 

4*158 


Column I. gives the number of the experiment; columnII. the duration of the expe¬ 
riment in minutes; column III. the volume of gas, in cubic oentimetres, contained in the 
gasometer before and after the experiment; columns IV. and V. the observed pressure 
and temperature ; ■ <x>lumn 71 . the chemical action effected during ihe experiment, read 
off on the scale of th* lostrumeht;. column VSL the volume (g),of carbonic oxide, reduced 
to 0° and 0*7fl, whichr kriked fa p*mrs&P»d ; and* lastly, faeolumn Yin, the chemical 
action (w) effected fa one mfarite fa of the photometer-scale. 
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The observed action (w) docs not, however, express the total action of the caibouic 
oxide flame, for between the burner and the sensitive gas several screens were placed. 
The light had to pass, in the first place, through the water-screen, then tluough two 
plates of Tninftj and als o through the glass sides of tho insolation-vessel before it reached 
the mixture of chloiine and hydrogen. Hence in order to find what tho action would 
have been if the light had not been diminished by passing through those screens, we 
must multiply these values of w by a constant dependent on the absorbent chai actor 
of these media. This constant, which wo will coll K, i& made up of throe pails: 

1. The diminution which the light suffers in passing through the mica-plulos = L. 

2. The diminution the light suffers by passing through the water-screen =M. 

3. The light lost by reflexion from the surfaces of the insolation-vessel =N. 

The value of L is easily found from the coefficient of reflexion for mica, which we 
have already determined *. From the experimental number £=0*1011, the value of 

L=1*450 is found from the equation Wc determined the value of M by 

observing, twelve times successively, Hie action effected in 30 seconds by a constant gas 
flame, the water-scroon being alternately placed before the flame and renamed. The 
following Table contains the results of tlieso observations:— 


Tam II. 


TTo 

Ax Uon mllwuL aeraon. 

Ajotlon will) scram. 

X 

18*69 

9‘86 

« 

18*86 

9*B9 

8 

18*46 

9*81 

4 

18*81 

9*69 

5 

18*47 

9*00 

Mean... 

18*76 

9*46 


By dividing the numbers in the second column by tho corresponding numbers in the 
third, the mean value of M=l*361 is obtained. 

The value of N is arxivod at by help of the following considerationsIx*l A A* 
(fig. 1, Plate XLHL) represent the surface of the insolation-vessel nearest tho flamo, and 
B Bi that furthest from the flame. The space between those two surfocos being sup¬ 
posed to be filled with sensitive gas, lot 1 represent the intensity of the light flailing 

perpendicularly on the insolation-vessel; and let represent the amount of light 

reflected from both surfaces of tho side A A* of the insolation-vessel, whou g is the 
coefficient of reflexion for glass and air; and let 7 = 10 “** represent tho amount of 
light remaining after passing from A to 33=A, when cc represents tho coefficient of 

o£ the chlorine and hydrogen gas; and lastly, lot represent the 

< * t * * * Philosophical llranflaclionB, 1857, p. 009, 


t 
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intensity of the original unit amount of light after having passed through the side A A 
of the insolation-vessel. For the sake of clearness, we have represented the rays of 
light, which are in reality reflected perpendicularly from the surface B B„ by the lines 
AB, BA„ AA &c. At these several points the unit quantity of light felling on the 
insolation-vessel has the following intensities:— 

At A in the line AB the intensity is d. 

% 

At B in the line BA the intensity is dy. 

At B in the line BA! the intensity is dyr. 

At Ai in the line BA X the intensity is dy*r. 

At A t in the lino A t Bj the intensity is dyV. 

At B» in the lino AA the intensity is dyV. 

At B, in the lino BA the intensity is dyV. 

At A* in the line BA the intensity is dyV. 

&c. 


Honce the chemical action proportional to these various intensities is found to be 


dp in the line AB, 
dyrp in the line BA!. 

The sum of those actions is, however, 


dyY/3 in the line AA 
d/i*p in the lino BA- 

\_ SL 

*)-~l-yr’ 


l ZL a 
i"— 


or, as fel—r, wo have 

Wo can therefore eliminate the error arising from the infinite number of reflexions 
which the light suffers in the interior of the insolation-vessel, by multiplying the action, 
as read off on the scale of the instrument, by the fector 

r 

seN, . ..(1-) 


1 — yr 
1— t 


The numbers thus obtained represent the amount of photo-chemical action which would 
have been observed if the sensitive gas had not been surrounded by a reflecting medium. 

In the third part of our researches* we determined the value of 0*0509 and 
a = 50*00427 for the flame of coal-gas; a,=0*0136 for the diffuse cloudless zenith light of 
morning; and 0*0174 for the cloudless zenith light of evening. The depth of the 
insolation-vessel was Ass 9 *4 miUims. When these values are substituted in formula (1.), 


N is found to be equal to 1*010 for a coal-gas flame; 

N is found to be equal to 1*028 for morning zenith light of an unclouded sky; 

$ is found to be equal to 1*034 for evening zenith light of an un&ouded sky; 

and if we take, the mean of these closely agreeing numbers, N=1*024, as representing 
the less by re^exion of the, flame of carbonic oxide, Ve have, as the value of .the product 

X*M.S. v , K»2*005. ' - ' / • 
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The numbers contained in column TEL of Table I. must iborofmo bo nuiHipliod by 
this constant, 2-006, m order to obtain the action («,) which the flame wo.dd havo pro- 
duced if no loss of light from mediates, watoi-scroon, or by icflexion from the inso¬ 
lation-vessel had occurred. The following numbers givo the values ol W„ the noimal 
action effected when the gas issued at the corresponding rates (j 


y. 

10,. 

6-960 

27*86 

4-673 

18-00 

8-889 

13-GO 

3-063 

8-30 


If the values of A, B, and 0 are calculated from the abovo values of g and w, in tile 
following series of powers of (5—^), 

w 1 =:A+B(5—p)+C(6—p)*+ • • ■ • i 

it is seen that the value of C is so small, that the third term 0(5 —(jY may be struck out. 
The values of A and B, calculated according to the method of loast squares, givo the 


following simple equation, 


w 1 ==2’l‘34{l—0-3153(5— g)} 



From this it is seen that, although the ratos at which tho gais issues differ consul ci ably, 
the increase in the action effected by the flame is, within tho observed limits, directly 
proportional to the increase in the rate of issue of the gas. The straight line (fig. 2, 
Plate XITV.) shows how closely the observations agree with this assumption. The 
absciss® represent the volumes (in cub. cent.) of carbonic oxide, mcasurod at 0° and 0 m *7G, 
which escaped from the burner in one second; and the ordinates givo tho correspond** 
ing chemical actions observed in divisions of the instrument in one minute, when the 
distance from the burner to the insolation-vessel was 17C millims. The observations 
are denoted in the figure by black dots on or near the line. 

By means of the foregoing equation (2.) it is easy to calculate, from tho chemical 
action observed for any particular rate of issue of the gas lying between S and G cub. 
cent, per second, what the chemical action would have been if the gas had issued at the 
rate g —6 instead of at the observed rate, other cixcumstoncos remaining of course tho 

same. * 

The standard flame which we employ to compare all tho sources of light we have to 
measure may be thus defined:— <c The standard flame is that produced by the free corn? 
bastion in atmospheric air of carbonic oxide gas issuing at the rate of & cub. cent . per 
second (reduced to 0° and 0 m *76) from a circular platvmm burner 7 mltims. in diameter , 
under a pressure differing but very slightly from that of the atmosphere? 

By means of the standard flame we are enabled to reduce the indications of different 
M|#Wente to the same unit of luminous intensity, and thus to render them comparable, 
purpose we define the photometric unit for the chemically active rays to be 
action which is produced in one minute by a standard flame placed at a 
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distance of 1 metre; and we determine experimentally for each instrument the number 
of such u nits (ft) which correspond to one division on the observation-tube. By multi* 
plying the observed number of divisions (t) by the number of photometric units (n) 
equal to one division, the observations ore reduced to a comparable standard, whose unit 
is taken to be the amount of action which a standard flame at the distance of one 
metre effects on the normal mixture of chlorine and hydrogen in one minute, when the 
depth of insolated gas is so Bmall that the alteration of the value of the coefficient of 
absorption for different sources of light becomes inappreciable. 

We call this unit a chemical unit of light , and ten thousand of these units , one chemical 

degree of light. 

In the following experiments wo have always employed the same insolation-vessel, but 
two observation-tubes. On one of the observation-tubes, or scales, which we shall 
henceforward call “ the narrow,” or “No. 1 scale,” one division corresponded to 00012; 
on the wide, or “No. 2. scale,” one division corresponded to 2*249. One division on 
the narrow scale had a capacity of 0*7642 cubic millimetres; one division on the wide 
scale contained 2*598 cubic millimetres* 

A few examples will best explain the use of this measure of light. 

1. By Chemical IUmiination we signify that amount of chemically active light which 
falls perpendicularly on a plane sui-face. If the insolation-vessel of our instrument be 
supposed to form a part of this plane, the number of divisions on the scale which the 
index has passed in one minute, multiplied by n, expresses the number of units of light 
to which that i>lane is illuminated. As an example of this kind, we will determine, for 
two different sources of light, the distance at which they must be placed, in order that a 
given surface may be illuminated with one degree of light. We chose as the sources of 
light flames of carbo nic oxide and coal-gas, which were each fed with gas at the rate of 
4*106 cub. cent., at 0° and 0**76 per second. The carbonic oxide issued from the large 
platinum burner, the coed-gas from an ordinary burner, and both gases were expelled 
from the burners under a pressure but very slightly exceeding that of the atmosphere. 
The rays from both flames had to pass through two plates of mica'and awatev-screen; the 
narrow scale, No. l,wa$ employed in these experiments. The oaxbonic oxide flame, placfed 
at a distan ce of 0 W *176 from tho insolation-vessel, produced an action of 7*68 divisions in 
one min ute. This corresponds to Kto. 7*68=10*16 degrees of light. As the amount of 
illumination is inversely proportional to the square of the distance from the source of 
light to the illuminated surface, the distance (r) at which the source of light must be 
placed in order that the surface may be illuminated one degree, is found to be 

- ■ r»^G'l78 9 ,10*16=0*6607 metre. 

The flafee M hoabga#, burnt tinder the same conditions, gave at a distance of 0 m *216 
from the 
, 18 * 
nation o 


6a 


> ixisolatiox^vAieeiah action of 18*98 divisions in the minute, corresponding to 

effects a ; chemical ilium!** 

f ono degrerat^d&t#^^ < > ; r * * .* * -:, 

' rstt-s/^ie'x 18*4teO*9S87 metre, 


HBOCCUXc 
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In like maimer it is found that when the carbonic oxide flamo is removed to a distance 
of 0 m *3849, and the coal-gas flamo to a distance of 0«*4309, tho surface is chemically 

illuminated by 6 units of light. 

2. The chermcal Ulmimtmg power, or tho chemical intensity of various sources of 
light which may be considered as luminous points, is measured by the chemical action 
effected by the rays emanating from such sources in equal times and at equal distances. 
As, however, in the case of such sources of light, tho chemical illuminating power is 
directly proportional to the square of tho distances at which an equal amoiuit of chemical 
il1 nmi T in fl f ™ is obt ain ed, and as the standard flamo produces an illumination ol one unit 
of light at a distance of 1 metre, wc have, in order to compare the chemical illuminating 
power of any l umin ous source of the land described, with the unit of chemical light of 
the standard flame, only to take the square of the distance at which the luminous source 
in question produces tho illumination of one unit of light. If we cany out this calcu¬ 
lation for the three flames already mentioned, we find that tho chemical intensities of 
the standard flame, the carbonic oxide flame of tho above dimensions, and tho coal-gas 
flame, are respectively represented by the numbers 

1, 0*718, and 1*972. 

It is of some interost to comparo tho chomicul with the visual* illuminatbig power of 
these different flames. For this purpose we have compared the visual illumination 
produced by the carbonic oxide flame burning under tho proscribed conditions, and 
issuing at the rate of 6*032 cub. cent, pm* second, with that of tho flamo of coal-gus 
above described. Although these photometric measurements could not bo made very 
exactly, owing to the different colour of tho two flamos, wo were nevertheless able to 
assure ourselves that a coal-gas flame, burning at the rate of 4*106 per second, produced 
a visual illumination of at least 150 times as great an intensity os the carbonic oxide 
flame, burning at the rate of 6*032 cub. cont. 

Xhe chemical acuminating powers of flames of carbonic oxide issuing at tho rate of 
5 cub. cent, 6*032 cub. cent., and 4*106 oub. cont. in tho second, are found from 
formula (2.) to be in the relation of 21*34,28*28, and 15*32. As in one and tho same 
source of light the chemical and visual intensities are proportional, the visual intensities 
of these three flames are to the visual intensity of the coal-gas flame, issuing at the rate 
of 4*105 cub. cent, as 21*34, 28*28, and 15*82, to 42*42. Honco wo have 


Vlvoftl 

fattoiUy. tatoouiy. 

EUrne of carbonic oxide iflBumg at rate of 5 oub. cent, per second, . . . 1*000 1-000 

name e£ carbonic oxide iwring »t lata of 4*105 cub. oent. pet wooact . , 0*719 0*718 

Elame of ooal-gae baring at rate of 4105 cub, cent, per wxxmd . . 198*800 1*072 


on the eyte. 


this we see that the visual iVinminfrfotg power of the above coal-gas fl a mo 1 b 
$ 09 times as large as that of the normal carbonic oxido flamo, whereas the cho* 
power of the same is not double that of the normal flame; and honoe 

lltonrijatrig power we intend to signify the lrarinous intensify a* raaraxed br ita effect* 
* * * * 
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we conclude that, in the case of different luminous sources, the amount of light received 
by the eye in no degree serves as a measure of the chemical action which the light can 
effect. 

3 . Ckmical Brightness. —The amount of light measured photo-chemically which falls 
perpendicularly from a luminous surface upon a physical point, divided by the apparent 
magnitude of tho surface, we designate as the intrvnstc chemical brightness. As unit of 
apparent magnitude, we select the thousandth part of a hemisphere; and as unit of 
intrinsic brightness, we select the amount of light which must proceed from this thou¬ 
sandth part in order to communicate an illumination of 1 degree of light to a physical 
point placed in the centre of the hemisphere. 

In order to measure the amount of tho chemical brightness of a surface, all we need 
is to allow the light proceeding from this sur&ce to foil through a circular opening upon 
the insolation-vessel, and to measure in degrees of light the chemical illumination thus 
effected. let l signify the observed number of light-degrees, d the diameter of tho 

2*r* 

ci rcular opening, f its distance from the insolation-vessel: wo then have JqJjq us the 

6 

thousandth part of a hemisphere whose radius is r, and 2 *t \2 sin 2 3 as tho portion of 
this hemisphere occupied by the circular opening, wheu the value of & is obtained from 


the equation sin The portion of the hemisphere cut out by tho circular opening, 

0 ^ 

is to tho thousandth part of tho homtophero in the proportion of 2 Kin” g to jggg. Heuco 
wo obtain the intrinsic brightness II expressed in the above unite from the following 
equation, w l 

H*»-f,..., • 


2000 m 9 


( 8 .) 


in which l signifies the number of observed degrees of light 
As an example of such a measurement, we select a comparison of various sized circular 
portions of the zenith of a cloudless sky. The elements for this calculation are obtained 
from the following experiment :-~~Outside the window of our dark room (aa, fig* 8) 
was placed a mirror ($), inclined at an angle of 4&° towards tho horizon 1 ; by means of 
this mir ror the light from the zenith could be reflected through a horizontal tubo 
(c, fig. 8, Plate XXIIL) upon the insolation-vessel (i) in the dark room. On the end of 
the tube nearest the mirror, and outside the window, circular diaphragms were placed, 
the diam eters (d) of which axe given in .column L of Table III. The distance of the 
iasqiation-vessel from this opening was, as is seen in column II, for all the experiments 
Before the insolation-vessel, a screen (g, fig, 8, Plate MIL) containing two 
plates, of xgfokjwas placed*, The chemical action (to), effected in, one minute, obtained 
from the mean of six observations made with the scale Ho. 2, is found in column HI* 
The number of degrees flight (?)seenin column IV,, which fflutofaate tho insolation* 
vessel, is found from’ the eqnniiok^which the following constant 

. values occur:— ;i ■ • 

0a8 
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E*=1'777 for the loss of light by the retfrarion from mirror. 

L =1*450 for the loss of light from the micarplatcs. 

N =1-081 for the loss of light from the glass sidob of insolaiion-vos&ol. 
n =2*249 for the reduction of the observed divisions on scale No. 2 to degrees of light. 

Column V. gives the required moan brightness calculated from formula (3.); column VT. 
contains the magnitude of the observed surface compared with that of the hemisphere 
taken as unity. 

Table III. 


No of 
experiment 

X. 

d 

n 

r. 

ra 

to 

IV. 

1 

y 

n. 

VI 

1. 

0-0590 

m 

8-885 

10-89 

65*1 

0-741 

0-0000878 

8. 

0*0859 

8-885 

4*04 

84-1 

0-744 

0-0000385 

8. 

0-0590 

8-885 

10-59 

63*3 

0-780 

0-0000878 

4* 

0-0580 

8-885 

8-71 

58-0 

0-733 

0*0000708 

5. 

0-0590 

8-885 

10-60 

68-8 

0*781 

0-0000878 

6* 

0-0359 

8-885 

8-89 | 

88*8 

0-715 

0-0000385 


From these numbers it is seen that, within the limits of experimental error, the por¬ 
tions of sky near the zenith are equally bright; hence lhat tho chemical action effected 
by portions of zenith-sky not exceeding 0*00009 of the total heavens, may bo taken to 
be directly proportional to their apparent magnitudes, when the sun does not materially 
alter its position. 

The determinations hitherto oonsidered all depend upon the comparison of the light 
which has to be measured with that of a constant luminous sourco. In many cases, 
however, it is of importance to express the chemical action of light, not only compara¬ 
tively in rnxts of light or in degrees of light , but also absolutely, that is, in units of 
time and space. Such an absolute measure can he obtained from the observations of 
our instrument when the following data are given .*— 

fl=the volume of hydrochloric add, measured at 0° O. and 0 m *76, formed by the unit 
of light; 

4=the thickness of sensitive gas (reduced to 0° and 0*76) through which tho light 
passed; 

#=the surface-area of tho insolated gas; 

#=the coefficient of extinction of the chlorine and hydrogen for tho light employed; 

l =the number of observed units of light in the time t 

When the values of these quantities artf known, the volume of hydrochloric acid which 
would be formed in the time t, by the rays foiling perpendicularly on the unit of surface, 
if A=oo, or if the light had been completely extinguished in passing through an inde¬ 
finitely extended atmosphere of dry chlorine and hydrogen gas, is found from the 

t .(*■) 

4 The value of R was determined by a special experiment with candle-light* 




PROFESSOR BUNSEN' AND DR. H. E. ROSOOE’S PHOTO-CHEMICAL RESEARCHES. 880 

As an example of such a measurement, we cite the experiment made with the coal-gas 
flame, detailed in the Philosophical Transactions for 1867, page 379. This flame gave 
an action of 14*2 divisions of scale No. 2 m one minute at a distance of 0 m '216 at a 
temperature of 22 0, 7 C., and under 0 m *758 barometric pressure. Prom the capacity 
of the observation-tube, the volume of hydrochloric acid produced by one unit of light 
is found to be 

0*001166 cubic centimetre. 

The exposed area of tho insolation-vessel was 

2 = 8*8 square centimetres. 

The thickness of gas ( h) through which the light passed is obtained from the thickness 
of the insolation-vessel d=0*94 centimetre, by help of the following equation:— 

* d(P-p) 

A —(1 +0*0036600*76’ 

in which P represents the barometric pressure, and^? the tension of aqueous vapour at 
the temperature t of the experiment. By calculation h is found to be h =0*887. Accord* 
ing to our former experiments*, the reciprocal of the coefficient of extinction for gas¬ 
light in pure chlorine and hydrogen, at 0° C. and 0*76, is centimetre. As between 

flame and insolation-vessel two plates of mica and a water-screen were placed, the number 
of units of light (l) corresponding to the observed alteration on the scale is obtained by 
multiplying this alteration by the factors #=2*005 and n =0*0012. When this is carried 
out a value Z= 18*66 is obtained, which, when substituted in formula (4.), gives 

Y=0*08204 cubic centimetre. 

We thus see that the chemical rays which fall on a surfaco of one square centimetre 
from the flame of coal-gas of above ffimensions, placed at a distance of 21*6 centimetres, 
produce in one minute the combination of a column of hydrochloric add of 0*08204 
centimetre in height over the whole area of this square centimetre, under the supposi¬ 
tion that the chemical action of the rays had been completely expended in pasting 
through a layer of sensitive gas of indefinite thickness. If we imagine the flame tp be 
placed in the centre, and the insolation-vessel at the surface of a sphere whose radius is 
equal to the distance of the flame from the insolation-vessel, 21*6 c. m.; the amount 
of hydrochloric add formed in one minute is V cubic centimetre on every square cen¬ 
timetre of surface, or on the whole surface of the sphere 

4*r*V=481*1 cubic centimetres. 

Asperate.of issue of the coal-gas was 4*106 cub.oent. per second, tho quantity of coal- 
Was burnt during the time in which 481*1 cub. cent, of hydrochloric add was 

The result of Jfiay be thus expressed ; when one, cubic centimetre df 

coal-gas bums in the , manner; such an .amount df ohemical rays is 
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evolved, that 1*95 cubic centimetre of hydrogen and chlorine can bo thereby combined 

ae hydrochloric acid. . , _ . , 

The mean composition by volume of the coal-gas burnt m the flame is, however,— 


Hydrogen . . 

Marsh-gas . . 

Carbonic oxide 
Elayl . . . 

Ditetryl . . 

Nitrogen . . 
Carbonic acid. 


41*42 

39*40 

5-97 

4*57 

3*25 

5*10 

0*20 


100*00 


la the combustion of one cubic centimetre of this gas, an amount of heat is evolved 
sufficient to raise 1 grm. of water from 0° to 6°*8 O.; one cubic centimetre of hydrogen, 
on the other hand, on combining with chlorine, evolves heat enough to raise 1 grm. of 
water from 0° to 2°*08 C.; hence we may conclude that for every thermal unit evolved 
by the union of the components of the coal-gas flame in question with the oxygon of the 
air, there arc only 0*30 thermal units cvolvod from the chemical combination effected 
by to flamo upon an infinitely exiondod atmosphere of chlorine and hydrogen. 

"When it is required to roprosent in absolute moasuro the amount of light which Ms 
during a time t on the unit of surface, it is most convenient to express tho photo-chomical 
action of to rays flailing on such a surface according to formula (4.), as a column of 
hydrochloric arid at 0° O. and 0*76, which would havo boon produced if to light hod 
passed in a parallel direction through an unlimited atmosphere of chlorino and hydro¬ 
gen. This li gh t, measured in metres, we propose, for tho sako of abbreviation, to call a 
JAgM-metre- 

The chemical action of the solar rays is best expressed in thoso light-molros. The 
intensity of to chemical illuminating power which a unit of tho earth’s surfaco rocoives 
either directly from the sun, from the diffuse light of a cloudless sky, or from clouds, 
can in this way be represented by the height of a column of gas, which, as we shall see 
in the sequel, when the atmosphere is clear, rapidly increases as tho sun rises above tho 
horizon until it reaches tho meridian, as rapidly diminish i ng when the sun has passod 
that print; and rising and Ming under to influence of passing clouds, forms, as it 
were, a wave accompanying the clouds in their motions, now asoending to a groat elevation 
when bright white donds reflect much light, and now sinking to & lower and permanent 
level when the sky is covered with grey clouds or obscured by mist. The mean daily, 
monthly, or annual bright of to column of gas, dependent upon the latitude and 
longitude, regulates to chemical climate of a place, and points tho way to rolations for 
chemical action of tho solar rays, which in to thormic actions are already repre- 
seri^b^ Isothermal*, Isotherals, Isocheimals, and Isonomals. 
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II. CHEMICAL ACTION OB DTEEUSE DAYLIGHT. 


It would be extremely difficult to measure directly, by means of our chemical photo* 
meter, the amount of light which a point of the earth’s surface receives from the whole 
atmosphere by dispersion. Experiments of this kind can of course only be made in the 
open air, either at an elevated situation with an extended horizon, or in the middle of a 
large plain removed from all objects which could obstruct or reflect light. When, in 
addition to this, we remember that the instrument with which the observations are 
made is so sensitive that a violent explosion occurs when a feeble ray of sunlight falls 
upon the apparatus, it will not appear surprising that we endeavoured to obtain the 
wished-for result in another maimer. For this purpose we determined chemically in 
absolute measure, the action of the rays falling from a measured portion of cloudless 
sky situated near the zenith, and then compared the 'visual luminosity ofHhis same por¬ 


tion of zenith-sky with that of the total heavens. 

In order to be able to make this comparison, we had to carry out a somewhat lengthy 
series of experiments, wliich, as they form the basis of our present measurements, we 
must consider in detail. 

As the light from certain zones of sky varying with the sun’s altitude is polarized, 
and may therefore disappear on reflexion, it is impossible, in those determinations of 
the visual luminosity of the atmosphere, to employ any arrangement of mirrors. It 
appeared at first sight, that instead of reflecting the light it would be most convenient 
to illuminate one side of a sheet of white paper, first with the light falling from a 


measured portion of the zenith* and afterwards with the light from the whole heavens, 
determining m each case, at the other side of the paper, by means of a photometric 
arrangement,* the amount of visual illumination As, however, this method of observation 
can only give satisfactory results when the illumination of one side of the paper is pro* 
portions! to the intensity of the rays which fall on the other side with very various angles 
of incidence, it was necessary, first of all, to determine whether these conditions were 
sufficiently frdfiUed under the circumstances of the experiment. 

The following arrangement was made in order to determine this point A, fig. 4, 
Plate XLJXL represents a blackened tube closed at one end (a) by the paper about 
to be On a table in front of the tube (A), a large divided quadrant (B) is so 

placed that the centre of the circle rests on the table directly below the centre of the 
disk of paper at a. In connexion with the quadrant is a moveable scale (C) divided 
into millimetres, and upon this scale the standard burner is placed, so that the rays pro¬ 
ceeding from the flame can be made to Ml upon the paper (a) at any given angle of 
incidence. Inside the tube at eis fixed a diaphragm of drawing-paper, the centre of 
which had been r&dtted transparent by a small piece of stearic arid. 1 When this dia» 
phragm is by a small oonstant flame, the stearins spot, as seen 

through the eye-ttah*^ in A positbn, of the lamp to be white on 

a Idarir ground}' M;ih4 e* n certain' point the spot dis* ■ 

appears; and whin tfce-fianel*blight idp tfaml the spot is again seen, but mm 
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appeals black upon a white ground. In order to obtain the wiahod-for proof, thoiW 
f?) is first so placed that the rays fill perpendicularly on tho paper scioen (a), anil th 
moved over the graduated circle (B), so that the rays fell upon Uic screen until 10 
angle of incidence * cam being in each case lakon Ural the lamp is moved dong ho 
scale (0) until the spot of stcarine disappears, so that in both positions of the name e 
illnminatioii of the side of the screen ( 0 ) next the eyepiece should bo the same. When 
the distances have been found at which tho flame (g) must bo planed in tho two positions, 
in order that the bach of the paper screen should be illwninatod to the same extent, it is 
easy to calculate the amount of hght which foils on tho front of the screen, and which, 
in order to answer the requiied purpose, ought to bo equal to that seen tliroiigh the 
tube (3). If <p and ft repiesent the complements of tho two angles of incidence, mea¬ 
sured on the divided quadrant, with which the light fell upon tho paper screen, and rr x 
the distances between the screen and flame at which tho stcarine spot vanished, then 
the following equation is true, provided the assumptions made at the commencement 

1 ** 


are correct smp .r? 

sm <p j.r* 

Experiment gave tho following numbeis:— 


si. 


Table IY. 


1 

Wnlang-papor. 

Puffing* 

paper. 

«• 

JilUff- 
paper 
«■ * 


90° 

90° 

90° 

90° 

90° 

m 

«6S 

£03 

146 

300 

ft . 

ft .. 

66° 16' 

83° 46' 

£8° 30' 

33° 46' 

33° 46' 

£06 

16? 

81 

103 

186 

sin <p.rj 
ainft.H . 

0*8 8 

i 

0*73 

0*4£ 

0*89 

0*69 


It is seen that the numbers in the lowest horizontal column differ widely from 1, and 
that no simple relation, exists between the amount of light foiling on the front and that 
issuing from the hack of the screen. It now only remained to he soen whether a bettor 
result is obtained when the diaphragm with tho stcarine spot is itself dirocily illuminated. 
For this purpose the experiments were repeated, with the solo difforenoo that the dia¬ 
phragm 0 was placed at tho end of tho tube at a instead of the paper screen. With 
this arrangement the following numbers were obtained:— 


Table Y. 


9 . 

90° 

90° 

90° 

$0° 

90° 

r.. 

££6 

199 

178 

££0 

££4 

0. . 

££° ZV 

83° 45' 

45° 0' 

89° *0< 

78° 45' 

r 1 

140 

160 

uo 

£14 

££1 

sinp.rj 

. 

1*01 

1*0)8 

HO 

1*0£ 

0*998 


all so nearly equal to 1, that the alight dif* 
the unavoidable errors of observation* 



jpp fewest division are 
* ' ^b# ascribed to 
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From these experiments we see that a paper diaphragm, with a transparent spot of 
stearic acid, can be most advantageously employed for the photometric measurement of 
rays of light falling upon a point at very various angles of incidence. 

In order to determine the intensity of the sky’s brightness with ease and exactitude, 
we have employed the photometer depicted in fig. 5, Plate XLHI. a, fig* 6, represents 
the paper diaphragm with the spot of stearine, which closes the vertical tube (5), and is 
in the same plane as the horizontal plate (c) fastened on to the tube ($). This tube (b) 
is coloured in the inside white, and into it is soldered the narrow tube (d), black¬ 
ened inside, and placed at such an angle below the diaphragm (a), that on looking 
through it the stearine spot on the paper is plainly seen. The observations aro more 
conveniently made when a small blackened box (e), containing a mirror and carrying an 
eyepiece (/), is placed on the end of tho tube (b), and thus the change of shade in the 
stearine diaphragm noted. The tube b is fixed into the top of the tin case hi, one side 
of which is open, and the lower end of tho tube b is closed by a divided circle, half of 
which, as is aeon in fig. 6, <x a, Plato XLIII*, has been removed* This semicircular open¬ 
ing can be partially or totally closed at pleasure by a moveable disk of metal, and the 
angle thus left open read off on a divided circle. Supposing that a constant source 
of light be placed in the case hi, tho lower surface of the stearine diaphragm receives 
a quantity of light which is determined by the divided scale of the semicircular opening 
at the bottom of the tube. If wo suppose that tho semicircular arc is opened to its 
Ml extent (180°), and that the amount of light which is thrown on tho lower surface 
of the diaphragm is larger than that which fails on the upper surface; the spot of stoa* 
rinc will appear dark on a bright ground. If tho opening bo now gradually closed, 
the spot will bo observed to become lighter, until at a certain position of the divided 
circle the spot entirely disappears, and ahomogeneous white surface is seem If the rise 
of the open sector be still diminished, the spot again appears, hut this time it is bright 
on a dark ground* When the divided arc has been placed in such a position that for a 
given illumination (A) the spot of stearine disappears, any other source of light placed 
in a, which under like conditions does not cause the spot to appear, is equal in intensity 
to A* 


For the purpose of measuring tho diffuse light of day, the diaphragms aro best made 
of white drawing-paper, of about double ox treble the thickness of ordinary writing- 
paper. When the whole of the paper, with the exception of a small ring, is saturated 
with stearic acid, the observations are more exact than whon a paper with merely a spot 
of stearic acid is made use of. In order to prepare such a diaphragm, the drawing* 
pfcfei, ? with a piece of filter-paper under it, is laid upon a warm metallic plate, and a 

acid/a stearine candle answers the purpose when the pure acid is 
not at 1fehd)gr^u^y rubbed into the heated paper, so that a small circle in the centre 
of the pa pii is &e jmtflicm f saturated with the stearine* the plate is cool, a 

small piece of of ^ the plate gently warmed 

Until the stearic add N* gjhf so that only a small ring not 

HDOOClitJL 
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saturated with add remains, the breadth of which should ho about i to 2 millimetres, 

and the diameter from 5 to 6 millims . . 

We have already mentioned that we were only able to measure the chemical action 

produced by a small circle of sky at the zenith, la order to bo able to detenuiuc the 
action effected by the light from the whole visible heavens, it was in tlio fiist place 
necessary to comparo, by means of the photometer jnst dcscaibcd, the amount of light 
which a point on the earth’s surface lecoivcs from the whole sky, with that which the 
same point receives from a measured circular portion of sky at the zenith. As the 
quantity of light which emanates from the measured poition of sky in the zenith is 
from 800 to 800 times less than that reflected from the whole sky, and as with this 
photometer we arc unable to mcasmo such largo differences in the amount of light, it 
was necessary to employ some known fraction of tlio total diffuse light of day. l‘oi this 
purpose a hollow hemispherical metallic cap (fig. 7, Plato XLOT.) was made use of. 1 his 
cap, which is pointed black, con bo placed concentric with tho diaphragm (a, fig. 4), on 
the plate co, and is perfoiatcd at regular distances with 184 equal-sized holes, the* 
diameter of which was accurately determined, hr order to measure the light from a 
circle of sky at tho zenith of known magnitude, tho blackened tube (fig. 0, Hate XU 11.) 
was employed; this tubo is furnished at its uppei end with a somidrculur men cable 
disk, similar to the ono alroady described os placed at tho lower end of tlx* photometer 
tube (5, fig. 6), and can be fixed on tho plate co, so that tho ring of tho paper dia¬ 
phragm (a) Ms exactly below tho centre of tho divided semidrclo. 

The observations are commenced by placing tho blackened cap on the plate over the 
diaphragm; tho diffuse light MU through tho holes upon tho diaphragm, and tho 
divided disk in the tube (b) is moved until the ring on tho paper, seen through tho eye¬ 
piece b, disappears. The amount of light which under these circumstances ib reflected 
from the sky upon the diaphragm we will call 1. Lot the total suvfaco of the hemi¬ 
spherical cap be Qi, and that portion which has beon removed by tho holes bo Q; then 
the amount of light which would have Mon on tho diaphragm from the whole sky if 

the cap had not been present is equal to If tho cap bo removed, tuid in its stead 

tho tube (fig. C) placed on tho plate, without otherwise altering tho arrangement, and 
then the divided eirole on the vgper end of the tubo moved until tho ring disappears, tho 
diaphragm {a) is again illuminated with the intensity 1, Let £ represent the fraction 
of the total hemisphere from which the light Mis through the open sector of the tube 
upon the diaphragm, and let & represent tho area of a given circle of sky at tho zenith 
expressed in the same units as g; the amount of light which would Ml upon the dia- 


pfafcgxr from the whole circle of sky & ia & j and hence the relation between the light 

. i S A 


as 


heavens and that from the dhole of sky ft is If, therefore, we 

Mffehemkal action (tt) which the light reflected from a circle of sky 
gpKtor** agbresx point, the action (W) which the light from the whole 


w 
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sky would produce on the same point is obtained by the equation 


& ft 


The relation ^ is easily found by help of the following considerations. If r be the 
radius of the hemispherical cap, we have Q 1 =2a7 ,s ; and if d is the diameter of the hole, 
its area is 4w-r a sin a g, when sin 4=^; and if there are n holes, 

j n . a S Q, 1 

Q=^.4Tr 9 sm a 2, or -q= -j. 

2».siu a r 

IS 

In the apparatus above described the values of these constants were as follows !*** 

m=184; d!=0-776mfflim.; r=77’6millims.; heucowe obtain §=486. The value of 

2 is de termine d in the following mannerLet <2, bo the diamoter of the circle through 
the open sector of which the light fulls on the diaphragm; let be the distance from 
any point in the circumference of this circle to the centre of the paper dinpliragm; and 
lastly, lot ip be the number of degrees to which the sector was opened; wo have then 

2 s= 3lo' 4a ’' 6ill "2’ 

when sin 4„ and the area of the whole visible sky =2*. If we suppose that g, 

iSr i 

has an arbitrary value of tho ^he hemisphere, that is, if ft=have 

d'.sin 3 ^* The values of those constants in ouv instrument are, dj—45’5tnillims.; 

Si w * 

f lB ±190»6 millims*; hence 0-0107 ^ The amount of light (I) which a point onthe 

it 

earth’s surface receives from the whole sky, expressed* in twits of the amount which Is 
reflected from a portion of sky at the zenith equal in area P#*t of the whole, 

is found from the equation 

~Iz*&.£4<=8'BS+.- 

In order to obtain the exact value of I certain precautions must be taken, ’which if 
neglected would give rise to very considerable errorsr It is of primary importance to 
notice, when two observations have to be Compared together, that the amount of light 
which the white surface of the inside of the photometer receives, and which is reflected 
on to the lower side of the diaphragm, remains perfectly constant. If the inside of the 
pbtljppf^fr la illuminated by the reflected light from houses, hills, or other neighbouring 

shadow may render the observations useless- JEven whsn a portion of 
the light which should flail into tho photometer is by chance obstructed by the hand 
whilst altering tibe opening of the divided circle, an error of oomddexable magnitude is 
,frfcoduae&, ^ tlitt i&tttijdL most Convenient 

' to expose the white sides, of dm ^ ^rfose light of the cloudless sky, 

avoiding altogether other reflected'e^ 7 direct stwSght, It is self-evident that no direct 

8n2 
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s unshin e must be allowed to fall during the experiment, cither upon the opening of tlm 
tube (fig. 6), or upon the hollow metallic cap (fig. 7). This is best prevented by holding 
a round sheet of pasteboard fixed on a pole between the sun and the photometer, at a 
distance of about 3 metres from the latter, so that the amount of difiuho light cut off is 


inappreciable. 

As tho relative amount of fflumination of the sky is materially altered by the presence 
of the smallest cloud, it is only when the heavens are perfectly clear that nn> general 
conclusion can be drawn from these observations. Perfectly cloudless days ui e, however, 
so unco mm on in our latitudes, that on an average not more than six or eight oe< ur at 
Heidelberg in a year*. We must hence consider it fortunate that we woie able to 
complete a series of hourly observations from sunrise to sunset upon a day during the 
whole of which the blue sky was not obstructed by tbc smallest particle of cloud. 

A series of these observations was made on Juno Clh, 1868, at the summit of the 
Geisberg, a hill in the neighbourhood of Heidelberg, the height of which is 370 moires 
above the sea, and 106 metros above the river Ncckar. On tho highest point of tho 
wooded hill, a platform, of about 40 feet in height, had been built, rising above tho tops 
of the trees; and on this platform, which commanded a perfectly free horizon on every 
ride, the visual illumination of the heavens was determined. During tho course of the 
observations, which lasted from sunrise to near sunset, a Htrong breeze blew from tho 
eastward, and the air was so dear, that tho Haordt Mountains, situated at a distance of 
twenty miles, were seen not only in distinct contour, but in rdiof. 

The amount of the iHuminalion of the sky was dotorminod in tho following manuor: 
the hollow cap was first fixed on the photometer, shaded from diroot sunlight by tho 
paper screen, and the divided cirdc so placed that tho diaphragm-ring disappeared j tho 
time was then noted and the hollow cap quickly removed. The tube (fig. 0, Plato XIJII.) 
was next fixed on the photometer, and the divided circle attached to the tube moved 
until the diaphragm-ring disappeared, when the time was again observed ; tho mean of 
these two observations was taken as the time of tho experiment, Tho opening (\p) of 
the divided circle, measured in degrees and tenths of degrees, when multiplied by 8*68, 
gives, as we have already shown, the amount of light (I) which tho diaphragm-ring 
receives from the whole sky, when the unit amount of light is represented by tho amount 
which falls upon the same diaphragm-ring during the same time from a portion of 
zenith-sky equal to xutath part of the total visiblo heavens. 

The following Table gives the mean of four independent series of observations made 
on the 6th of June, 1868. The first vertical column oontains the numbers of the 
Observations,* the second the times of the experiment reduced to true solar time; the 
third the values of *p; and lastly, the fourth contains the required values of I calculated 
the values of 
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Table VI. 


I, 

II. 

III. 

4* 

IV. 

I. 

1 

li m 

5 38 AM. 

88*8 

768 

2 

6 8 A-M. 

86*0 

738 

3 

7 85 a.m. 

74*8 

637 

4 

8 A*M« 

56*0 

481 

5 

9 32 a.m. 

50*4 

438 

6 

10 8 diM« 

47*8 

405 


10 43 A.M. 

48*0 

360 


11 86 A.M. 

37*8 

384 


0 1 P.M. 

35*8 

307 

10 

0 38 P M. 

38*4 

330 

11 

0 57 p.m. 

48*0 

360 

k IS 

1 84 p.m. 

47*4 

407 

13 

8 4 p.m. 


489 

14 

8 38 P.M. 

53*0 

455 

15 

8 81 P.M. 

60*8 

588 

16 

3 57 P.M. 

68*8 

590 

17 

4 48 P.M. 

76*0 

658 

18 

5 80 P.M* 

79*6 

683 

19 

6 8 p.m. | 

88*0 

755 


The amounts of light which fall upon the diuphrngm-ring and arc arranged in column 
IV. of the foregoing Table, in no way represent the moan brightness of tho whole sky 
os compared with tho respective brightnesses of tho zenith, for it is only the zenith rays 
which fall perpendicularly upon the unit of surface; the rays from other points of the 
sky with a greater zenith-distance fall upon tho diaphragm with a larger angle of 
incidence. This relation between the luminosity of tho zenith and the mean luminosity 
of the whole sky, could be easily found if, instead of the perforated cap used, another 
were employed in which the number or area of the holes was in the inverse proportion 
of the cosines of their distance from the vertical. 

The amount of chemical illumination which a horizontal unit on the earth’s surface 


receives from the whole heavens, depends upon the height of the sun above the horizon} 
and upon the constitution of the atmosphere. If, when the sky is cloudless, the atmo¬ 
sphere undergoes considerable change in its transparency, a long series of determinations 
made at different times of the year would be necessary before we could hope to arrive 
at any general expression for the atmospheric extinction and dispersion of tho chemical 
rays. Fortunately, however, we learn from Professor Seidel’s classical research on the 
Brightness of the Fixed Stars*, that the atmospheric extinction varies so slightly when 
tke sky is cloudless that the differences may be altogether neglected. In' a lecture 
given at Mmrichf, Seidel says, “ It has fortunately been proved, although one could 
scarcely have expected it, that the variations in the amount of transparency of the air on 
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different nights may, by caio in tho selection of nights, bo reduced to within veiy lwrow 
limits.” 

Hence we think that we arc justified in setting aside the alterations in the extinction 
of the cloudless sky, and in considering tho chemical illumination of tho ooitli’s surface 
as b eing merely a function of the sun’s zenith-distance. Wo trie at the same time 
perfectly well aware that the constants contained in our formulas domed as they are 
from a comparatively small number of oh solvations, cannot lay claim to any very gioat 
degreo of accuracy. Still we believe, and wc hope in the sequel to show, that the' amount 
of reliability which our experiments present is sufficient to permit us to deduct' there¬ 
from the empirical laws according to which the chemical energy piocoodiug fiom the' 
sun is diffused over the earth’s siufaco wheu tho sky is unclouded. 

The following foimula gives the value of the zenith distance (<p) for the observed times 
of expeiiment: 

co9f=scosS.cos^cosj)+sinS.6iiijj. ....... (5.) 

where i signifies the sun’s declination on tho day of tho experiment (+22° 39' 30"); 
p gives the latitude of tho place (49° 24' 25"), and t represents tho sun’s liour-anglo. 

In the following Table tho observations of June 0, 1868, arc arranged with the cor¬ 
responding zenith-distance of tho sun. Tho first column contains the times of observa¬ 
tion in true solar time; the second gives tho sun’s hour-angle corresponding to tho time 
of observation; tho third contains tho corresponding zenith-distances of tho sun; and 
the fourth shows the amount of light which tho unit of axoa receives from tho whole 
sky, compared with that which the samo area receives at the same timo from a portion 
erf sky at the zenith equal in area to the roWth part of tho whole hoavens, 


Table VH 


P C |T7TTl y!TTj J 

I 

Tune of oheervafaon 

n 

^ hour-angle of 
the ran 

TTX 

<p nrnth dietaaeo 
of the ran 

IV 

L 

l 

h. m 

5 38 AM, 

98 36 

78 ni 

168 

£ 

6 8 AM 

88 0 

7144 

788 

3 

7 £6 AM 

68 45 

59 19 

637 

4 

8 5£ A.M. 

47 0 

45 £4 

481 > 

3 

9 82 a.m. 

87 0 

89 88 

432 

6 

10 9 

£7 45 

34 81 


7 

10 48 am 

19 18 

80 45 

860 

e 

n £6 a.m* 

8 80 

£7 84 

324 

9 

0 1 P.M. 

0 15 

£6 47 

307 1 

ia 

1 0 88 AM. 

8 0 

81 98 

880 

u 

0 57 zm 

14 15 

89 1 


1£ 

19 

1 84 vm. 
k 9 4 f.M. 

£1 0 
it 0 

81 81 

89 n 

407 

1 489 

14 

8 86 P.K, 

89 SO 

40 54 

455 

13 

' 8 81 pm 

30 15 

47 89 

5££ 

16 

8 57 P.M. 

59 18 

88 10 

590 

17 

4 4£ pm 

70 80 

60 £8 



5 £0 PM 

80 0 

66 38 

688 


8 £ p*m. 

90 80 

78 19 

755 

— -. 
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The several values of I in the 4th column can. he expressed, as exactly as tho obser¬ 
vational errors allow, as functions of tho zenith-distance <p by help of the simple equation 

I £=77-0+9*275p.(6*) 

By means of this equation we have calculated and thrown together in the following 
Table, the luminosity of the whole sky for zenith distances varying from 20° to 90°. 


Table VIII. 


s 

l. 


l. 

f 


D 

l I 

f 

D 

f 

t. 

f 

h 

D 

l 


l 

so 

263 

0 

28 

M 


411 

rt 

44 


n 

52 

559 

go" 

634 

68 

708 

78 

783 

0 

84 

856 

si 

272 

29 

R!i 

VrM 

420 

45 


53 

569 

Cl 

643 

69 

717 

77 

791 

85 

865 

32 

281 

30 

355 

38 

430 

46 

504 

54 

578 

62 

652 

70 

726 

78 

801 

86 

875 

S3 

290 

31 

365 

39 

439 

47 

513 

66 

587 

63 

661 

71 

736 

79 

810 

87 

884 

24 

300 

32 

374 

40 

448 

48 

622 

56 

597 

64 

671 

72 

745 

80 

819 

88 

893 

25 

309 

33 i 

383 

41 

467 

49 

532 

57 

606 

65 

680 

73 

754 

81 

828 

89 i 

903 

26 

318 

34 

392 

42 

467 

50 

541 

58 j 

616 

66 

689 

74 

764 

82 

838 

90 

913 

27 

327 

35 

402 

43 

476 

61 

650 

59 J 

624 

67 

699 

75 

773 

83 

847 


—- - * - ,i — 


The curve (fig. 8, Plate XXIV.) represents tho relation between the values of <f> as 
abscissae and those of l os ordinates. The points about the curve marked with ft cross 
represent the observations made in the morning; those marked by a dot show tho 
brightness of the afternoon Bky. Prom these it is seen that tho illumination effected 
by the diffuse daylight for tho same zenith-distance of tho sun before and after noon 
remains nearly constant, although at these tunes of day tho temperature and humidity 
of tho air must differ widely. 

Prom Table VIII. wo can find, for any given zenith distance of the sun, the relation 
botween the amount of light, optically (or visually) measured and taken os unity, which 
falls from a certain spherical surface of sky in the zenith and. that (also optically 
measured) from the whole sky. The amount of light, chemically measured, 

which falls from this same surface of zenith-sky, multiplied by tho amount of optically 
measured light which the whole sky gives, must therefore give tho chemical action 
which the whole sky would produce on a horizontal unit of surface. According to our 
former definition, however, the amount of light falling from a circle of zenith-sky upon 
tho unit of area is the chemical brightness of that piece of zonith-sky. We have carried 
out, according to the method already described, a series of determinations of this 
chemical brightness at various times and at different zenith-distances of the sun. Some 
of these observations were made on the 18th of October, 1856, others on July 28rd and 
August 5th, 1858. During all the experiments the sky was perfectly cloudless, and the 
gas h flA reached the maximum degree of sensibility. The observations ere contained 
in the following 'table (tSL). 

"* s i i 
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Table IX. 


— 

Bumbor of 
expeumant 

Troo solar tuno 

Sun's Jsomtii- 
dislonco 

Action m 
Boalo-dniaonB 

OhomuAl biigUltuna m units of 
light oi o ynoeo of remth-eky 
of tho triiolo sky 

1 

1856, 

18 Oot. 

h m 

6 46 A.M 

n / 

90 4 

0*000 


0*0 

2 



6 51 a.m. 

89 17 

0*63 


23*2 

3 



6 55 A*H« 

88 39 

0*88 


32*5 

4 



7 3 A.M. 

87 25 

1*92 


7M 

5 



7 7 A.M. 

86 48 

2*19 


81*0 

6 



7 17 am. 

85 16 

3*15 


116*3 

7 



7 23 a.m. 

84 22 

3*42 


126*5 

8 



7 41 A M. 

81 41 

4*81 


177*6 

9 



8 5 am. 

78 14 

6*01 


222*2 

10 



8 11 AM. 

77 25 

6*40 


236*8 

11 



8 33 a M* 

74 27 

7*82 


289*2 

12 



9 8 A.M 

70 7 

8*56 


316*6 

18 



3 53 p.M. 

77 58 

6*44 


200*8 

14 

1858, 

28 July. 

7 30 A«M> 

60 21 

6*94 


485*8 

15 


7 52 a.m. 

56 47 

7*93 


65b*l 

16 



8 52 a.m. 

47 21 

10*06 


704*2 

17 



9 46 A.M. 

39 36 

11*82 


827*4 

18 



10 15 a.m. 

36 0 

18*04 


912*8 

19 



10 48 a*m. 

32 37 

13*72 


900*4 

20 



13 20 a.m. 

30 22 

15*26 


1068*2 

21 



12 0 A.M. 

29 18 

16*04 


1122*8 

22 

1868, 

5 Aug. 

. 7 46 a.m. 

60 1 

7*59 


531*3 

23 


8 11 A.M. 

56 1 

8*65 


606*4 

24 



8 51 a.m, 

49 52 

9*79 


685*3 

25 



9 17 A.M 

. 46 5 

10*32 


722*4 


In experiments 1 to IS the folio-wing data wero omployod for tho caloulaUon of the 
brightness, expressed in units of light, found in the 5th column: 11=51*777, Lei*45, 
Nel'031, w=2*249, ^=0 m *0530, r=l m, 474 In tho 0 U 101 cxpci imenta these values 
remained constant, except #=0 m *069, and r=:2 m, 260. 

The chemical brightness (w) of the circle of zenith-sky equal in area to r&Wb P ar t of 
the whole heavens, as seen in the last column of tho procoding Table, can be repre¬ 
sented as a function of the coirespondiug zenith-distance of the sun (p), with sufficient 
accuracy by help of the following equation, 


w=1182 7-13-867+~ 9 ,.(7.) 

in which the numbers are calculated from all tho observations according to tho method 
of least squares. From this equation Table X. is calculated. It gives for every zenith- 
distance of the sun from 20° to 90° the amount of light, expressed in light-units, which 
Ms perpendicularly upon a unit of area on the earth's surface, from a portion of zenith- 
sky equal to part of the whole heavens. 
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Table X. 


Zenith- 
ditfnnoo, 




360*0 

315*0 

281*9 

260*6 

220*5 

19)8*0 

164*4 

1137*7 

1118*2 

1087*4 

1063*4 

1039*9 


Chemical 
Zenith- brightneea 
distance. in liglit- 
umta. 

6. to. 


1017*2 

994*9 

973*0 

951*7 

930*9 

910*4 

890*1 

870*2 

850*6 

831*5 

812*5 

793*6 




Ohomioal 
brightness 
in light, 
units. 


775*1 

756*8 

738-7 

720*8 

703*0 

685*3 

667*8 

650*4 

633*4 

616*3 

599*2 

588*3 



Chemical 
Zenith* brightness 
distance, in light* 
units. 


565*7 

549*0 

532*5 

515*9 

499*6 

483*5 

467*8 

451*1 

436*1 

419*2 

403*3 

387*8 



Zenith- 

distonoo. 



371*5 

355*8 

340*1 

324*3 

308*9 

293*4 

277*7 

262*2 

846*6 

231*1 

216*7 

201*2 


Chemical 
Zenith- brightness 
distance, in light- 
units. 

10* 


84 
70 
55 
39 
125*5 
110*3 
95*0 
79*8 
64*6 
49*5 
34*4 


The curve (fig. 9, Plate XLV.) shows how closely the actual observations approach 
the calculated values. The simple points about the curve represent the observations 
made on July 23,1868; the small circles denote the experiments of August 6,1868; 
and the crosses those of October 18,1866. As these observations were mode in different 
years and at different times of the day and year, we may conclude from the near approach 
of the single points to the calculated curve, that in this case, us in that of the deter¬ 
mination of visible illumination, alterations in the humidity and temperature of the air 
have but a very slight influence upon the dispersion of light in the atmosphere when 
free from clouds or mist,' and that, therefore, the chemical actions effected at equal 
hour-angles on each side of the sun's culminating point, may, without risk of appreciable 
error, be taken as equal 

After this investigation we may now pass to the determination of the chemical action 
which the whole visible heaven effects upon a horizontal unit area of earth's surface at 
various zenith-distances of the sun. The numbers marked l in Table VIII. give the 
relation of the light falling on a unit of area from the whole sky, visually measured, to 
that felling from a given portion of zenith-sky, also measured visually. In Table X. 
we find the chemical actions produced by the same portion of zenith-sky. Now, as we 
have formerly shown that in light from the same source tiro chemical is proportional 
to the visual action, we have only to multiply together the numbers in each Table 
corresponding to the same zenith-distance, in order to have the required chemical action 
of the whole heavens. The action (w x ) thus obtained can be expressed in a form adapted 
{^calculation, as a function of the sun's zenith-distance, according to the following 
formula,. 


in which the fourth term oa& be neglected. The values of the coefficients a, 6, and c 
have been calculate^ according to the method of the least squares, from the following 
eightvatuesofpandWj>** ’ f- 
Mono. ' . '■ ' 
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Table XI. 


f 

Wj. 

90 

31370 

80 

151400 

70 

946800 

60 

316700 

50 

361300 

40 

381100 

85 

S8S500 

30 

377500 


Hence we obtain 

^5=27760+808490 cos p—459000(508*^.(9*) 

by help of which the following Table (XII.) in calculated. The dicnucnl action (w.) 
effected by the diffiise light from the whole sky is here expressed, not in units of light, 
bnt in degrees of light, each of which is equal to 10,000 units of light. 


Table XII. 


f 

»v 

4 ' 

®i* | 

f 





-- 

Wj. 

f 


81 

89 

33 

84 

85 1 

86 

87 

88 
89 
40 

88*99 

38*96 

38*94 

38*91 

80*14 

38*08 

38*01 

37*93 

87*85 

87*79 

41 

49 

43 

44 

45 

46 

47 

48 

49 

50 

37*60 

37*47 

87*31 

87*14 

36*$6 

86*74 

86*58 

36*30 

86*09 

35*75 

51 

59 

53 

54 

55 

56 

57 

58 

59 

60 

85*45 

85*11 

34*78 

[84*40 

84*09 

83*61 

88*17 

39*79 

39*99 

31*70 

61 

69 

63 

I 64 

65 1 

66 

67 

68 
60 
70 

31*17 
30*60 
30*00 
99*88 
98*78 
98*06 
97*84 
96*61 1 
95*84 
85*05 

71 

79 

73 

74 
7* 

76 

77 

78 

79 

80 

94*99 

93*37 

99*48 

91*56 

90*69 

19*64 

18*64 

17*60 

16*53 

15*43 

81 

89 

83 

84 

36 

86 1 
87 

86 

89 

90 

14*30 

13*15 

11*96 

10*79 

9*47 

8*19 

6*88 

5*54 

4*17 

9*77 


Xbeso degrees of light (w x ) express the chomical action which the diffuso light from 
the whole sky effects during one minute upon the horizontal unit of area on the earth’s 
surface when the corresponding zenith-distance of the son is Q, The curve (fig. 10, 
Plate LV.) represents the relation of this chemical action to the sun’s zenith-distance, 
marke d as abscisse, The points on the figure denote the values of Table XL, from 
which the curve is derived ; their approximation to the lino shows how closely the results 
obtained by calculation agree with the observed numbers. 

$y means of formula (6.), cos p=cos & cosjp cos tf+sin & smjp, alroady given, and either 
formula (9.) or Table XII., the illuminating effect of the cloudless sky at ft given locality 
and at a given time, can bo calculated. As an example of this method, we give the 
results of the calculation of the chemical jUutnitmting effect produced by the cloudless 
sky during the various hours of the day on the vernal equinox at Cairo, Naples, Hcidel- 
! tpvg, Manchester, Petersburg, Boykiarik, mi Melrille Island. 

! JebjL*. 
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Table XIII. 



Melville 

IbIuimL 

Boykiuvik. 

Petersburg. 

Manchester. 

Heidelberg. 

Naples. 

Cairo. 

h * m 

$ A.M. or 6 P.M* 

7 A.M. or 6 P.M. 

8 a.m. or 4 p.m. 

9 am , or 3 p.m. 

10 a.m. or £ p.m. 

11 A.M. or 1 P.M. 

1£ A.M. 

£•77 

8*06 

18*61 

16-30 

18-78 

£0*33 

30*83 

3-77 

11-33 

18-33 

33-34 

36*76 

38-67 

39'30 

3-77 

13-49 

30*13 

35-64 

39-30 

31*14 

31-74 

3-77 

14*19 

33*81 

38*73 

33*30 

34*10 

34*67 

3*77 

15*09 

34*31 

30*34 

33*74 

35*43 

35-91 

3*77 

16*84 

36*77 

33*87 

35-80 

37-30 

37-49 

8*77 

18-59 

39*15 

35*03 

37- 58 

38- 33 
38-30 


The curves (fig. 11, Plate XLVI.) town from these numbers show graphically 
the hourly variation in the chemical diffused light on the equinox at the several 
localities. 

We may now proceed to the consideration of the chemical actions produced by 
diffuse light upon the horizontal unit area of earth’s surface during a longer period of 
time. 

Let 10 , signify, as before, the action effected by the light in one minute, when the 
sun’s hour-angle is t\ and let W be the action during d period in which the hour-angle 
increases from t, to t# then we have 

w I2x60f*' ^ 

Ws=—~ I w ' dt ' 

where the unit in which the hour-angle is expressed is the angle whose arc is equal to 
the radius. We have, however, 


, 10,85:0+0 cos 0 + 0008 * 0 , 

\ 

and -cos <p*»gin 2f sinp+cos 0 cosp cps t; 

i 

hence when sin & fidn;p~% and Cos 0 cosjp 
’ W= i 2^|(a+} a +o(^+f)]c<, ( -«,)+(5(3+2fl^)(aa4-sin<,) . 

+^/3“(sm 2# (; —sin JW ( )j 

This expression is somewhat simplified^ if the action for the whole day, from sunrise to 
sunset, be calculated; for then ti Uf and 

cos—tan&tanp, or = *—j§ * 

W 55s ^^ |^g+0«+c^+^^ tf ^ ^0^+|c0^ sin $//}■ 


i v 


r + rV* 


If edndafiott^e fciaefbr the time of theequino*B», the equation Incomes much 
MMeampfe; for»faii«ee 


# *■ - ' i* j j * * , ,, 

- • tefr, *«#, i| 

6o2 


t \ 
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or w=12x60^+jicosp+J ams'/): 

or substituting the values of 0 , 3, and c, 

W=1998’7+37058 cos jp—16569 co& J _p. 

By applying this formula for the places givon in Tabic XITL, wo obtain the following 
numbers as rcpiesenting tho chemical action, oxpressod in degioes of light, which, at the 
time of the equinoxes, tho whole heaven effects on the unit of aio<i in each of these 

places, horn sunrise to sunset:— 

Table X1I15. 


Melville Island . 10600 

Reykjavik . 16080 

St. Peterebuig . 16410 

Manchester . 18*80 

Heidelberg. 19100 

Naples .................... ... 80660 

Cauo. @1670 


We need scarcely remark that these numbers, as well as tho data from which they are 
obtained, only hold good for skies JCroo from cloud and mist, and for situations not too 
far distant fiom tho sea's level. In places which lie nearer to the higher portions of the 
atmosphere, it is evident that tho conditions will bo totally different. Tho law accord¬ 
ing to which the atmospheiic diffused light varies with the height above tho sea, might 
in lfaft manner be determined empirically, but such a sorios of experiments entail an 
expenditure of time and money which we have unfortunately been unable to afford. 

The chemical action of diffused sunlight becomes extremely irregular when cither 
clouds or mists intercept the clear bluo dry. Tho chemically active light, which under 
these circumstances reaches the eaith’s surface, vaiies as incgularly as do tho other 
meteorological phenomena dependent on the thermic and hygromotrio state of tho 
atmosphere. Without at present entering into an explanation of a method by which, 
taking cognizance of these circumstances, photo-chemical detorminationB may be made, 
we will here give one example to show the variable nature of tho diffuse light from a 
clouded sky. The following Table contains tho results of a series of observations made 
at Heidelberg on October 6,1856. Tho columns marked I, give tho time of obser¬ 
vation; those marked II. the amount of light oxprossod in units of light radiated from 
a portion of sky at the zenith equal to the -nfopth part of the whole sky. 


TabluXIV. 


I 

n 

■m 

EH 

IDH 

n 

J 

ir 

n 

XL 

h m 

7,94 Am. 

617 

h in 

9 19 a.m. 

my 

h m 

10 47a.m* 

m 

h m 

11 38 a.m. 

1660 

h m 

9 $8 PM. 

ESI 

670 

9 16 a.m. 

1469 

10 68A.Mi 

mSm 

0 4 r.M# 

1660 

a 90 p.m. 

mm 


m 

9 80 AM. 

1686 

11 0 am. 

Mmm 

1 1 P.M. 

1494 

8 87 p.m. 

Kill 

iwBKL 

,1166 

9 60 a.m. 

1797 

11 6 a.m. 


1 7 p*m. 

1476 

8 88 p.m* 

446 


$L 

9 66 a.m. 

1681 

11 SIAM. 

mum 

9 11 p.m. 

676 

4 16 pm. 

804 

BK££i 

tO iAOtf. 

1984 

11 87 A»M. 

US 

8 89 P.M. 

886 

4 41p.m. 

.188 
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In order to give a clear idea of the daily changes of chemical luminosity in such a piece of 
sky over which clouds passed, we have represented the observations by a curve (A, fig. 12, 
Plate XLVL), in which the times are marked as abscissa, and the chemical actions 
expressed in units of light as ordinates. For the sake of comparison we have calculated 
the action which would have taken place on that day if the sky had been perfectly 
cloudless, and we have represented this action by the second curve, B. From 7 h a.m. to 
nearly noon the sky was covered with a layer of cloud of varying thickness, through 
which the sun but slightly shone. In the afternoon the clouds gradually disappeared, 
so that after 2 o’clock only light detached clouds passed over the zenith, and after 
about half-past 3 the sky became cloudless. These alterations are dearly scon on the 
curve, which shows that a thin film of cloud increased the quantity of light reflected 
from the portion of sky under observation to beyond four times the amount reflected 
from the same portion of sky when doudless; and that the chemical action before noon 
rose much more rapidly, and was more irregular than the action in the afternoon when 
the clouds were gradually disappearing. It is seen too that, at 2 h 22“ and at 3 h 30 m , 
the action attained two maxima limits, owing to the passage at those times of a bright 
white doud through the zenith. 

These observations prove that the presence of a thin film of doud increases the 
amount of chemical illuminating effect in the most striking manner; we have, however, 
also convinced ourselves, by a large number of experiments, that a thicker layer of 
clouds, such aB those which precede rain or thunder-atoms, or dense mists or fogs, may 
so diminish the chemical light reflected from the portion of heavens under examination, 
that our instrument is unable to measure its amount. The clouds act, therefore, not 
merely as collectors of atmospheric moisture, they also serve as mighty rofleotors of 
light, regulating the supply of chemical rays, which are as necessary to the growth and 
well-being of plants as the warmth or moisture of the earth and air. 

After these considerations on the diffiise daylight, we may pass on to the measure¬ 
ment of the chemical action effected, by the direct solar rays. 


j 

EX CHEMICAL ACTION OR THE DIRECT SUNldOHT, 

( i 

In order to obtain data for the determination of the theory of this action, the volume 
hydrochloric add was measured, which was produced each minute in our instrument 
npon a cloudless day and at various senith-distanees of the sun, when the direct sun¬ 
light, diminished to a known extent, was allowed to Adi perpendicularly over the wholf? 
qhAms of our insolation-vessel. For this, purpose we directed the solar rays, by means 
ef W'SfMRUWSf’s hejiostat, through a fine opening in a thin plate, and allowed the 
(un’aim^.-^W«A^ied so to All upon the insolation-vessel that every portion of the 
sensitive mi^me-a^ d^^j^hydrogeu was equally exposed. The position in which 
tbit takes.place keaapy «d ty, holding, a piece ofjpaper behind the apparatus, 
end thdn moving- >he fbtyio'a' ;?f insolation-vessel appears 
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exactly in the middle of the sun’s image. The* fine hole in the plate must be w y cui e- 
fully bored, as its area has to bo accurately determined. We found that the best way 
of obt aining a perfectly circular opening *vms to lay a thin piece ot copper foil upon a 
foinlc sheet of tin or lead, and to boro a small hole through the copper with a lint* 
needle, afterwards lubbing the foil upon a moistened hone to separate all irregularities, 
and boiing caxcfnlly with the noodle, until, under the microbcoiH*, the edge of the holt* 
was seen to be sharp and circular. 

The diameter of the fine opening was determined by lucasuiemont with a miaomoioi, 
and the distance from the insolation-vessel to the point on tire shutter of our duik loom, 
where the opening was placed, was also determined. If we suppose tluit this distance 
be called 5, and the diameter of the opening <?, the apparent diameter (X) of the opening, 
as seen from the insolation-vessel, is found horn the formula 

tanjk=4* 

The square of this apparent diameter (X) is to the square of the apparent diameter of 
the sun (X x ), as the obsorvod action is to the action which the sun would have produced 
if it had shone direct upon the insolatron-vossol. In order to obtain the* total action 
proceeding from the sun, it is necessary to multiply the obsorvod action by the factor 



The factor fox the transformation of the direct observations into units of light is, as in 
the former calculations, 

»s=2‘249. 

The factor N, by help of which the experimental results aro made independent of 
reflexion in the insolation-vessel, is found from the formula (1.), 



when and 10~**=y, and when g signifies the coefficient of reflection from glass 

into air, h the thickness of exposed sensitive gas in tho insolation-vessel, and «the coeffi¬ 
cient of extinction of direct sunlight for the chlorine and hydrogen mixturo, As g and h 
were known from our former experiments, wo had only to determine the value of a; flus 
was accomplished in the following way. Between tho small opening in the shutter and 
the insolation-vessel, we placed one of our transparent cylinders* filled with air, and then 
measured the amount of action (w x ) effected by tho direct s unlight f all ing on the instru¬ 
ment, The empty cylinder was next replaced by a simil ar one filled, the usual precau¬ 
tions being adopted, with the mixture of chlorine and hydrogen, and the action (to) again 


IM te rm ined, After removal of this cylktdet, the former one containing air was replaced 
4|fbHh* aotion once more measured, and the mean of the three times of observation 
the first end third observations, with the cylinder containing air, the 
l fM .. * moBOplM ZraasActiou, 185*, p. Stf. 
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action (w,) was calculated which the sun’s image would have effected at the mean time of 
observation if no chlorine and hydrogen mixture had been present If we call h x the 
thickness of chlorine and hydrogen, reduced to 0° and 0 m *76, contained in the transparent 
cylinder, and if we neglect, as we can do without appreciable error, the reflexion from 
the interior of the transparent cylinder, the coefficient of extinction (a) is obtained from* 
the equation* 

The following Table gives the values of no and w x as found by experiment for the 
correspo nding zenith-distances (<p) of the sun, and the values of a calculated therefrom* 
The thickness of the layer of chlorine and hydrogen collected at 22° C. and 0 m *757 was 
32-3 millims., giving at 0° and 0 m *76 a thickness of 29*8millims. 


Table XV* 


f 

tf* 

v> v 

m u 

else 

8*41 

14*03 

0*0190 

58 26 

3*73 

15*45 

0*0191 

50 20 

4*35 

18*40 

0*0194 


The mean of these numbers gives as the value of the coefficient of extinction for 
direct sunlight in tiro chlorine and hydrogen mixture «=()■ 01923=^ niillim. The 
value of N is then found to he, according to formula (1.), by help of this number, 

N=1*030. 

The experiments still require very considerable correction. Tho sunlight was reflected 
into our dark room by moans of a SiwmwcAirarte heliostat. This was so placed that its 
mirror of speculum metal lay In one horizontal plane with the opening in tho window* 
shutter. In one series of experiments, the rays, after having passed through the opening, 
were again reflected by’means of a steel mirror; in the other experiments tho rays fell 
without a second reflexion, in the same horizontal plane upon the insolation-vessel, In 
the case of two reflexions, a portion of the light is lost by absorption and polarization In 
quantities varying with the angles of incidence, and the angles at Which the planes of 
polarization cut one another* This variable loss of light must be brought into calcula¬ 
tion, and it is obtained by help of tho following considerations. 

A ray of light is reflected from a steel mirror in the angle i (%* 13, Plate XLHL)$ 
suppose that this ray when felling on the mirror has the intensity 1, and suppose that 
the reflected ray has the intensity f when the ray is polarized parallel to the plane of 
' incidence, and the intensity when the ray is polarized at right angles to this plane* 
InPoeoBtrnoBiW * Anhalen'f are found two tables of Jamie's, in one of which axe 
found the values of#, aridth#other those of a expressed as functions of & 

; f 1848, p. 4A5, 

: t iS * -t - f 


'■> ^ 1 £ 


* 
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When i=i„ then j p=J?i, and s=3 r 


When i=i» thenjp==p« and s=s a . 

Suppose that a ray of light bo reflected from both the mirrors 1 and 2 (tig. 14, 
Plate XLH I), of which the first is of speculum metal and the second of stool, with the 
angles of reflexion i x and i,; and supposo that the angle which the two planes of 
reflexion make with each other bo <3. The incident ray has the intensity l, mid consists 
of white light ; the intensity of the twice reflected ray is then 

S=*{#($ cos 8 (3+aj sm 8 /3)-K($ sin 8 p+4 cos 8 /3). 

The observed chemical action, therefore, divided by S, gives the action which would 
have been observed if the sunlight had fallen directly without previous reflexion on the 
insolation-vessel. In order to calculate S, the values of ? a , and |3 must bo determined 
for each observation. The second angle of incidence ft) was measured once for all. 

In order to calculate the angle of incidence ft) varying with the position of the sun, 
we conceive the point of reflexion of the ray on the mirror of the heliostat to be. the 
centre of a sphere, from which centre linos arc drawn to the sun, to tlic earth’s pole, to 
the south point of the horizon, and in the direction of the reflected ray. I^ct the four 
points produced by these lines cutting the sphere be represented by SPMR„ tig. 15, 
Plate XTilll* The angle SB, is twioc the angle of incidouco of the ray; it in found 
from the spherical triangle rSB,. In this triangle we blow the side PSs=t)0—&, when 
& is the sun’s declination. The sides B,T and tho angle BJ?S arc thus found. In the 
spherical triangle PMR, the side MB,, the azimuth of tho opening in tho shutter, 
directly measured, is known; the angle PMR, is a right angle, and MPm180 —f when 
j) is the latitude of the place. 

Hence 


and 


cos PR,=—cos MR, cosjp 


sinMPR x = 


sin MR, 
sin PSj * 


The angle SPR, is, however, =MPR 1 -H, when t signifies the hour-anglo of tho sun, 
positive before noon. Hence we have for R,S, or for tho angle 2i, which the incident 
rays make with the ray reflected from the heliostat mirror, 

' cos R,8 = cos 2i,=: cos PR, cos (90—&)+ sin PR, sin (90—cos (R,PM +t). 

The angle 0 is thus obtained; SB,, fig. 16, is tho first plane of reflexion, B,B* is the 
second plane of reflexion; hence 


^=PE,M—PI^S, and smPB,S=s^^^^ 
When there is only one reflexion, we Hvo for the value of S simply 



all these corrections together, we find that the action (W 0 ) expressed in 
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degrees of light, which the sun shining freely upon the insolation-vessel would have 
produped if no disturbing influences were acting, is obtained from the direct observations 
of our ins trument (w Q ) by means of the following formula:— 

.< 1L ) 

The subjoined Table (XVI,) gives a series of observations made, as just described, on 
the 3rd of August, 1857, and on the 14th and 15th of September, 1858, the sky being 
perfectly cloudless and the gas having readied the maximum degree of sensibility. In 
the serieB of observations made on August 3,1857, in which two mirrors were employed, 
namely, the heliostat mirror of speculum metal and another mirror of steel, the data 
for the calculation of A and S were as follows 

\ssl7"*34; Xjsl894"*6; fa 72° 6 O'; MB l =45°7'; fa+17° 29'j yia=49° 24'. 

Tn the experiments made on September 14 and 15, 1858, in which only one mirror 
was used, the data were 

te21"*22j fal912"j MIfa73 0 44'j fa+8° 26' for the 14th, and 

fa+3° 4 f for the 16th; 24 ; . 


Table XVI 


August 3, 1867* naromutcrs=0 m *7B60. 


1 . .... 

I 

II. 

III. 


V. 

Truo tmio. 

Sun'H samlth- 

OlsHorvul 


B* 

dintunoo. 

notion, w# 



, h tnt 

7 69 

jJ as 

8-70 

68*18 

0*884 

8 49 

60 61 

19*11 

89*91 

0*878 

9 14 

4 e a 

»w 

_j 

99*96 

0*376 


September 14, 

1868* Barometer**0“*7560. 


6 1 

68 84 

jHQJH 

* 96*98 

■/* 

0*681 

i ^ i 

September 16, 

1 

——-—■-r — 

1868. Barometers 0 m# 7669. 

* 

7 9 

76 80 

1*59 

5*64 

0*687 

7 96 

78 49 

4*99 

16*60 

0*688 

7 40 

71 87 

6*09 

99*43 

0*631 

8 0 

68 84 

7*56 

97*85 

0*681 

8 7 

67 80 

8*38' 

88*87 

0*681 

8 96 

64 49 

19*48 

45*85 

0*683 

8 54 

60 48 

17*09 

6*49 

0*684 

9 14 

i j 

68 U 

18*51 

67-61 

0*686 


Thp increase iathe chemical action on diminution of the sub’s zenith distance, as 
seen in the numbersofthe second and fourth columns, arises from the extinction of the 
chemical ray? eteted by passage though the atmospfike. In Order to obtain from 
^ase observations the .law of without Sensible error, disregard 

IdpDCOOLIX ' # tf' W 
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the curvature of tho earth’s surface, and consider tho atmosphere* as a horizontal 
layer. As the extinction in one and tho same mass of substance of different den si ties 
remains the same, the question becomes still simpler if wo consider the atmosphere to 
be of equal density throughout and measured at 0 m *7G and 0°C.; in the following we 
shall therefore suppose the existence of such an ideal atmosphere. Lf we represent the 
chemical action of a solar ray before entering such on atmosphere by A, raid its action 
when it has passed through a layer of atmosphere of the thickness 7, by W 0 , wo find 

from the preceding considerations, ^ A10 

when - represents the depth of atmosphere through which the ray has to travel until 

the ch emical action produced is reduced from its original amount A to of that 
amount. The value of l is determined by the bright of this ideal atmosphere mid the 

zenith-distance of the sun. 

Let us suppose that c„ fig. 1G, Plate XLIIL, represents tho place where the chemical 
action is moasured, situated under tho ideal atmosphere (L) measured at 0° and 0 m *7G; 
and let op represent the direction of tho zenith, efi that of the sun; then 
i. 6. the son’s zenith-distance, 6 t ft~h tho perpendicular hoight of tho atmosphere, and 

aof=.l the depth of atmosphere traversed by tho ray. Wo have then , and 

W D sA10"^.(12.) 

If the values of A and «A are calculated from tho observations of August 3,1867, and 
September 14 and 15, 1858, by tho method of least squaros, we obtain A =818*8, 
aA=0*3696. The mean barometric pressuro in the throe experiments was 0 W *7567= P 0 . 
The perpendicular height (A) to which the atmosphere at the time of observation would 
have extended, if its density had throughout been that con’osponding to 0 m *7567 and 
0° 0., is easily found from the specific gravities of air and morcury. Taking ltEOJSTAUjyr’H 
number 0*000096084 as representing the relation of tho density of air and mercury, we 


have for our experiment— 


t 0-7557 
0*000095084 


=7947 metres. 


This number, substituted in «A= 0*8696, gives for u the valuo 0*00004525. Tho 

sun’s rays must therefore pass through a column of air at 0° and O“ , 70 of 5055452 s 

=22100 metres in length in order to roduoe the chemical action to ^fth of its original 
amount If we orB P„ the barometric pressure observed in the experiments from 
which a and A were found, the action which would have been observed tinder another 
pressure P, and under the zenith distance is found from the equation 





(HO 
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La the following Table (XVII.) the numbers calculated by means of this formula are 
compared with the action actually observed 


Table XVII. 


No. of the 
experiment. 

Bun’e 

zonith-distanoa 

Calculated 

chemical illumination 
in di^groou of light. 

Observed 

ohomioal illumination 
in degrees of light 

1 

O / 

57 30 

67-9 

63*1 

2 

50 51 

85*8 

89*2 

3 

40 8 

96*4 

93-0 

4 

68 34 

33*1 

86*2 

5 

76 30 

9*8 

5*5 

6 1 

73 49 

16*3 

15*5 

7 

71 37 

84*5 

82*4 

8 

68 34 

33*1 

27*9 

9 

67 30 

36*0 

38*9 

10 

64 48 

47*9 

45*9 

n 

60 48 

58*3 

68*6 

is 

58 11 

66*8 

67*6 


The probable error of the observations is 

0’G746^~^==±2'7 degrees of light. 

This mean error must be regarded as extremely small when we consider,—“1st, the 
great difficulty experienced in keeping the mixture of chlorine and hydrogen at the 
maximum degree of sensibility during tlio whole range of experiments; 2ndly, the 
numerous reductions by moans of which all the disturbing influences must bo elimi¬ 
nated ; and Srdly, the slight alterations in the extinction of the light which local 
changes in the air’s transparency may effect 
Formula (14.) shows that the sun’s rays before their entrance into the earth’s atmo¬ 
sphere would effect an illumination of SIS'B^L degrees of light. If the rays pro¬ 
ducing this degree of illumination passed through an infinitely extended atmosphere of 



minute, is found from formula (4.), already given on page 888, 

l 


h»I 


l. 


In the _ experiment from which the number 818*8 is obtained, one degree of light 
effected a combination per minute of Vss 0*00001156 cubic metre of hydrochloric add 
meateed at 0° and 0 m *76. According to our former experiments, the coefficient of 

extinction of su^gh^% chlorine and hydrogen is metre,, The internal area 

of the insoMoh^es^'lhi : J^^(|j3S8 square metre. Th$ info n ial diameter of the 
sam^ feO’OOM mcg| ^obtained, during the 
observation, underA’^tftttate *£ a temperature of 18° 0. $ for 

6n2 
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which the tension of aqueous vapour is^O-0154. Hence the value of A isfonnd to be 

^=0*00858 metre. 

By (m bstitnhVro of this number in the last formula, we have 

H=35S metres. 

E»m this we see that the sun’s rays, if they fell on the earth’s surface without being 
weakened by passing through the atmosphere, would exert an action represented by 
85-8 Hght-metres j that is, they would effect in one minute a combination, on a surface 
upon which they fell perpendicularly, of a column of hydrochloric ac d 35 3 metres 
assuming tit the rays are extinguished by passing through an infinitely 

extended column of the sensitive gas. 

Bv help of formula (14.) we find, moreover,— 

That the sun's rays, after they have passed in a perpendicular direction tough the 
atmosphere to the sea’s level under a mean pressure of 0-76 metre, only effect an action 
of 14-4 li ght -metres, or that under these conditions, nearly two-thirds of their chemical 
activitv has been lost by extinction and dispersion in the atmosphere. 

If we assume that the mean distance of the sun to the earth is r«20682829 geogra¬ 
phical miles, and if we imagine the sun in the centre of a sphere whose radius sar, 10 
suifece of tins sphere is 4*r* The light radiated from the sun upon to sphere would, 
if all the light were extinguished in to chlorine and hydrogen gas, produce in each 
satete a lay® 1 of hydrochloric acid of. 86*8 metres, ax 0-004768 geographical mile in 

height. Hence it Mows,— " . 

, That the light which the sm radiates into space during each minute of time, repre¬ 
sents 4 chemical energy, by means of which more than twenty-five and a half billions of 
cubic miles of chlorine and hydrogen may be combined to form hydrochloric acid. 

In a similar , way> the chemical potion has been calculated which the sun s rays, undi- 
' wished by: atmospheric extinction, produce at the surface of each of the ei^tchi^ 

pWeta*y system., The second colpmn of the Mowing Table (ay UJ-j 
* co ntains the mean" distances pf these, planets from the sunj the third column shows the 
' Chemical action represented in degrees of light effected by the sun's rays on the planet 
whose name is found in column I.; and' in column IV. this mane action is given in light* 

f 1 - t 1 v t 

'aS(waj. •". . 

, ■ Tismxvra. . , , 


** * ^ iv ^ r fr.A t' r ~ - - r 

41 3 '" 1 >-lj '/* \* > * L " - * 

; vt , - ar 

Maw.. 

: Jupiter , fr 


Tv sj 

V-. / 
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From these numbers it is seen how lavish Nature has been in her distribution of 
chemical energy throughout the universe. The Earth receives but an infinitely small 
portion of this radiation, whilst Saturn and the more remote planets obtain so much less, 
that on these bodies the existence of any organic life at all similar to that enjoyed on 
our globe must be impossible. 

After these considerations touching the magnitude of the total chemical energy 
radiated from the sun, we may proceed to consider the conditions under which the 
small portion reaching the surface of our earth is distributed. 

Compared with the thermic actions of the sun’s rays, wo immediately see an important 
difference. The heat, produced in the first instance by the absorption of the sun’s rays, 
is so irregularly distributed by radiation and by oceanic and atmospheric currents over 
the earth’s surface, that it rarely, if ever, is completely transformed at the time and at 
tho place of its formation into real labour; so that the simple law, according to which 
the thermic climate of a place is dependent upon its elevation above the sea’s level 
and tho mean height of the sun, becomes completely obscured. The photochemical 
climate, on the other hand, is not subject to any such sweeping irregularities; for the 
chemical action which the sun effects upon a place, varying with its elevation above tho 
sea and its geographical position, cannot bo mado to act at any point on the earth s 
surface other than the one on which the rays directly fall. Hence the diffusion and 
arrangement of tho photochemical energy follows a much more simple law than that 
exhibited in tho distribution of heat on the earth's surface. 

By means of formula (14.) the amount of chemical energy effected by the sun’s rays 
at a given time when the atmosphere is cloudless, can bo calculated for any place whose 
geographical position is known,, and for any height above the level of tho sea. 

In the following Table (XIX.) is found the chemical action expressed in degrees of 
light which the direct sun’s rays effect at heSghtB represented by barometric pressures 
of 0 m '8 to Q m, 05, with varying sun’s zenith-distances from 00° to 0°. The highest hori¬ 
zontal division gives tho zenith-distances, the first vertical column the atmospheric 
pressures,' and the remaining columns tho corresponding chemical actions.'. The curves 
(fig. 17, Plate XLVII.) show graphically the dependence of the chemical illumination 
upon the barometric pressure, The abscissas denote sun’s zenith-distances, the ordinates 
the chemical action in light-degrees effected at these zenith-distances. With each curve 
the corresponding barometric pressure is given. From this we see how unequal, under 
otherwise mmilnr circumstances, the chemical illumination, of low-land and high-land 
must be, and how this illumination increases as the distance above the sea becomes 
a greater ratio than corresponds to the diminution of atmospheric pressure* * 
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Table XIX. 



OP. 

10 3 

20° 

30P 

40° 

COP 

OOP 

70°. 

80° 

OOP 

0*80 

r i v>-J 

180*7 

125*2 

115*7 

102*8 

81*4 

55*2 

24*5 

2*1 

PI 

0*75 


138*2 

182*7 

123*2 

108*9 

88*1 

61*5 

28*8 

2*8 

E29 

0*70 

v Y ■» hKI 

146*1 

140*7 

131*3 

116-9 

96*5 

68*7 

33*8 

3*8 

hSI 

0*65 

156*2 

154*5 

146*6 

139*6 

125*7 

105*2 

76*6 

29*3 

6*3 

EpH 

0*60 


163*8 

158*1 

k mm 

135*0 

114*5 

85*5 

46*6 

7*3 


0*55 

174*2 

17»*6 

167*6 

168*7 

145*0 

124*7 

95*4 

54*7 

9*9 

IkSlI 

0*50 

184*1 

182*5 

177*7 

msMm 

155*7 

135*7 

106*4 

64*2 

13*6 

0*0 J 

0*45 

194*4 

193*0 

188*4 

180*1 

167*2 

147*8 

118*8 

76*3 

18*6 

mm 

0*40 

205*8 

204*0 

199*6 

191*9 

179*7 

161*0 

132*5 

88*4 

25*6 

mm 

0*85 

216*9 

215*7 

211*6 

204*4 

193*0 

175*3 

147*8 

103*8 

35*0 

111 

0*80 

229*1 

228*0 

224*4 

217*8 

207*2 

190*9 

165*0 

121*7 

48*0 

mm 

0*25 

241*9 

241*0 

237*8 

231*9 

222*6 

207*9 

184*1 

142*9 

65*8 

ess 

0*20 

255*7 

254*8 

252*1 

247*2 

239*1 

226*3 

205*3 

167*7 

90*1 

0*0 

0*15 

269*5 

269*4 

267*3 j 

263*2 

256*8 

246*5 

229*1 

196*9 

123*5 

0*0 

0*10 

285*2 

284*7 

288*2 

280*6 

276*8 

268*4 

255*7 

231*1 

169*3 

mm 

0*05 

801*8 

801*0 

800*2 

298*7 

296*3 j 

292*2 

285*2 

271*1 

232*1 

, 181 ! 


318*8 

318*3 | 

318*3 

318*3 

318*3 

318*3 

318*3 

318*3 

318*3 



From tlx© curves vp© also see that tho variations in tho illumination appear most 
strikingly the lowor the sun is abovo tho horizon. When, for instance, at Reykiavik, 
under a barometric piossuro of 0“*770, the sun is 3 0° abovo tho horizon, tho ground is 
iUuminatod by direct s unlig ht to 2*5 degrees of light; if tho barometer sinks 10 millims., 
the illumination rises to 2*0 dogreos of light. On tho highest point of the neighbouring 
crater of Hccla, upon which one of ns observed a barometric pressure of 0 tt, C290 on tho 
20th of July, 1840, tho illumination from direct sunlight must rise to 6*1, and on tho 
summit of Dwaloghiri to at least 90 degrees of light At the rime when tho sun has 
nearly reached tho zenith in tho latitude of the Himalayas, the amount of tho direct 
sunlight which falls on tho volleys of tho Tbibetian high-lands where grain in cultivated, 
is nearly one and a half time os large as that falling on tho neighbouring low-lands of 
Hindostan. This difference increases in so rapid a ratio with increasing zenith-distance, 
that when the sun is 46° removed from the zenith, the direct solar rays on the high table¬ 
land of Thibet give more than twice tho chemical action of those falling on the plains 
of India. 

From these few examples it is seen how rapidly the chemical intensity of the sunshine 
increases with considerable elevation above tho sea's level. Yet the variations effected 
by reason of these changes are small when compared with tho differences brought about 
by alterations in the latitude of the place of observation. In order to give an idea of 
these variations, we have calculated the chemical action which tho sun's rays effect 
under a barometric pressure of 0**76 at the spring equinox during every hour of tho day, 
on a horizontal unit of area situated at the points on the earth’s surfoco for which tho 
chemical illumination of the whole diffuse light has already been dotwminocL Tho 
reatlto of this calculation are contained in Table XX. Tho formula 

s _ 0 f 47W P 

. . W,=818'8xJO -r 
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r 

gives the chemical illummation for the unit of area upon which the sun’s rays fell per¬ 
pendicularly. In order that the supposed surface may be considered to be in the plane 
of the horizon and not at right angles to the incident ray, the values of W 0 have been 
multiplied by cos ©. 

Table XX. 



Melville 

Island. 

Boykiavik. 

Potorsbiug. 

Manchester. 

Heidelberg. 

Naples. 

Cairo. 

h h 

6 a.m. or 6 p.m. ... 

0-00 

-- 1 — ■ 

0-00 

0*00 


0-00 

0*00 


7 a.m. or 5 P.M. ... 

0*00 

0*03 

0*07 


0-38 

0-89 

1*74 

8 a.m. or 4 p.m. ... 

0*07 

1-53 

3*88 

5*85 

8*03 

13-31 

K|£9 

9 A.M. or S P.M. ... 

0-67 

6*63 

10*74 

18-71 

33-99 

35-88 

EiLil 

10 A.M. or 8 p.m. ... 

1-86 

18*37 

30*36 

33-91 

40*94 

58*46 

78*61 

11 A.M. or 1 P.M. ... 

3*03 

18*60 

37*56 

48-34 

53*19 

74-37 

98-33 

IS A.M. .......a....... 

3*51 

30-60 

30-36 

47-15 

57*68 

80*07 

105*3 


The curves (fig. 18, Plate XLYIII.) represent the illuminations at the various places 
nnrl times given in the foregoing Tablo (XX.). The ordinates represent the chemical 
actions, expressed in degrees of light, effected at the hours measured on the absciss© 
for the places named on the curves. If wo compare these curves with those of 
fig. 11, Plate XLYI. representing the diffuse light, tho singular fact becomes apparent, 
that at the time of the vernal equinox the chemical actions which tho direct sunlight 
effects from the north pole to below the latitude of Petersburg is, during the whole day, 
l$88 than that effected by tho total diffuse daylight; and that even in lower latitudes, 
down to the equator, tho same phenomenon is observed, if not for tho whole, yet for a 
portion of the day. 

X farther comparison of formal© (9.) and (14.), shows that not only at the vernal 
ftq ri ynrvgj but at all times and in all places where the sun rises more than 20° 66^ above 
the horizon, from sunrise till it attains a given height above the horizon, the ohenucal 
action effected by the diffuse daylight exceeds that of the direct suhhght; and that as 
the sun gradually rises, a point is, reached at which both sunlight and diffuse daylight 
produce exactly the same amount of chemical action, whilst beyond this point the effect 
of the sunshine is most powerM. This “phase of equal chemicaliUwmination” between 
daylight and sunshine, occurs twice daily, and represents a certain zenith-distance of the 
sun (<p), which may be found by a method of approximation from the formula 

318*3 

2*775+80*849 cos p-~ 45*990 cos" ps* - >4frfi8 P* 


wh<fiperiis expression to the right denotes the chemical action effected by the s unlig ht 
at tte(formula 14.), and that on the left hand gives the action proceeding 
feomthewfcofe havens (formula &.). 

If we wume that m pressure was <M8, that the plane of the euxfece 

to the incident rays, and that the 
horizon, we find, on escalation, 


Ruminated by the 

aim ihunffnated 'by* the dayl$h# 
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that the iUumination of the sunshine is equal to that from the daylight when the 

distance of the sun from the zenith is 71° 12'. 

These daily phases of equal chemical intensity con be determined by allowing the 
diffuse daylight and the direct sunlight to fell separately on two pieces of the same 
photographic paper, and by observing the time at which the same degree of colour is 
brought about on both pieces. From the correspondence of those observed times with 
those calc ulat ed according to the foregoing mothod, a good idea can bo formed of the 
degree of reliability which our experiments, and the theory based thereon, warrant. 

On February 21st and 22nd, and March 7th and 11th, 1869, tho sky was perfectly 
cloudless from sunrise to sunset, and hence these days were well-adapted for tho pur¬ 
pose of the experiments* The observations were made in a darkened space under the 
roof of the Heidelberg laboratory by two persons, one of whom, outside tho roof, allowed 
the whole diffuse light of day, excluding the direct sunshine, to act upon tho prepared 
paper, whils t the other obsorver allowed tho direct sun’s rays to fall msxdo the darkened 
space for an equal length of time perpondicularly upon another portion of the same 
paper. The sunlight passed through a hole in tho roof, on to a blackened box with a 
circular opening of 1 inch in diameter. In order to preserve the paper always at right 
angles to the incident rays, it was fixed on a piece of board held in tho hand, upon 
which an upright pin was fastened, and tho board was so placed that the shadow of tho 
pin on the paper was never thrown to ono side or tho other. 

Allowing for the actual height of the barometer observed, 0^704, tho zenith-distance 
of the sun, at which the chemical illumination from tho direct sunlight is equal to that 
from diffuse light, is found to be 71° 4'. The sun reached this point on February 23, 
1869, at 9 11 7® A.M., and at 2 h 63 m p.m. The experiments on this day began at ll h 30® 
A.H., when the blackening effected by the sunlight was much moro considerable than 
that produced by daylight; at a later hour this difference between the actions dimi¬ 
nished; at 3* 1® scarcely any difference could be observed, and at 3 U 1G® tho point of 
equal colour was passed, as the paper exposed to the sunlight was at this time consider¬ 
ably less coloured than that exposed to diffuse daylight. Tho phase required lies there¬ 
fore between 8 b 1® and 3 b 16®; according to calculation, it should have occurred at 
2 b 68®. Another determination, made on the following day, showed that tho pheno¬ 
menon occurred in tho afternoon between 3 b 28 m and 8 b 39®, instoad of at 2 b 60®; and 
in the morning between 8 b 30® and 8 h 48®, instead of at 9 b 4®. On March 7,1869, under 
a barometric pressure of 0®*762, the phase occurred in tho afternoon between # 17“ 
and 4* 27®, when, according to calculation, it should have occurred at 8 b 88®. On March 
11, 1859, the sky was intensely blue; the phase of equal colour appeared, under a 
pressure of 0®*764, in the morning at 7 b 42“ instoad of 8 b 22®. From these experi¬ 
ments, it is not only seen that these phases which the theory requires actually occur, 
Mbjgtip that the agreement between the observed and calculated time of appearance of 

dose. Tho point at which tho phenomenon is observod in the 
forty-five minutes earlier than the calculated point, whilst fo 
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the afternoon the calculated is about thirty minutes earlier than the observed point, 
’ These differences are, however, satisfactorily explained by the fact, that, in the situation 
at which the observations were made, the horizon towards north, west, and east is not 
free, owing to the hills of the Neckar Valley which rise 12° above the horizon, in con¬ 
sequence of which a deviation in the direction observed must occur. 

I 

We pass now to the consideration of the total chemical effect which the direct sun¬ 
light, varying with the time of day, produces on a unit of area lying in tho plane of the 
horizon during a given time. 

As has been already shown, the formula 

Wjsscospx 318*3x19 .(15.) 

gives the chemical effect (W,) which the sun’s rays exert on a horizontal unit of surface 
in the space of one minute. For the further calculation, it is, however, simpler to 
express W, by a series of powers of the sun’s zenith-distance, 

W,=# cos 9 cos 9 <p -f- c . cos 4 <p +... 

By help of formula (16.) we have calculated the value of W t for every 10° of zenith- 
distance between 0° and 90°, and then by the method of least squares found the values 
of the coefficients 6, and c. Tho calculation gives 

W l= =: - 81*99 cos 9 <p+417*6 cos 9 <p~248*7 cos 4 <p .(10.) 

The accompanying numbers show that the differences between the values of W 15 cal¬ 
culated according to the two formula) (15.) and (10.), are ho inconsiderable, as to fall 
within the unavoidable errors of observation. 


According to 
fbnmdft JO, 


PSM.H. MM ' -»*■ M 

Aoourdlng to 
formula 10. 

138*4 

* 

136*9 

134*6 

10 

133*8 

133*3 

30 

134*3 

105*4 

30 

107*3 

83*3 

40 

88*3 

36*0 

mm 

58*3 

80*1 

MM 

39*6 

9*5 

wbM 

9*6 

0*0 

imm 

1*0 

0*0 

k9H 

0*0 


We will now calculate the amount of the chemical rays which fall during a given 
time and at a given situation upon a unit of surface in the plane of the horizon. 

“ zenith-distance is connected with the true solar time of a place by the 

equation" k s ' ■ 

** ,<j©&0sst cos & cos® coat j 


f i </ - i ^ 
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Jeyelope formula (16.) in a series of powers of cos t, wo have 
W,=a(a 8 +2aj3 cos t+F cos 8 1) 

-|-#(a 8 -h 3a 8 /3 cos 3of/3* cos* #4*3* 0083 0 

+tf(a 1 +4a*|3 cos £+Ga 8 j3 8 cos 8 t+4a/3' ) cos’ tf+/3‘ cos 4 f). 

The integral has now to bo determined. For this purpose we consider 

$dt=zt 

Jco b tdfcsint 
J cos 8 f^= c - S y“+ 

Jcos'«#=~ S, 3" n< +S*i< 

j COS' +3 009 i MU f+ ?f. 

Por the equinox «=0 and 0=cosp; if the action for the whole day is required, the 
integration must be taken from 

tfsa— - to tf=4“2 > 

for these limits wo have— 

)dt 

jcos tdt sa2 

J cos 8 tdt =s| 

j* cos 3 tdt s=J 
J cos 4 tdt— ; 
also 

J wdt^ a 008*^)+cos 3 p+|w cos 4 jp, 
and 

W=12 x 60 ^ costy+$; 5 1 e 

on substitution of the values of a, 5, and c, 

Wss-1152Ocos , jp+1270OO cos* j)—67140 eos 
Calculated according to this formula, the following Table (XXI.) contains the total 
amount of sunlight* expressed in degrees of light, falling during the day at the vernal 
equinox upon the horizontal unit of area at the previously mentioned pianos. Division I* 
contains the names of the places far which the calculation has boon made; division Tl. 
the latitudes of theso places; division DX the chomical degrees of light to which the 
horizontal area is illmronatod by sunshine alone; division IV. tho degrees of light, 
already given in Table 3CIU. 5, to which the same area is illuminated by the total 
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diffuse daylight; division V. the chemical illumination effected by both the sun and 
diffuse light together; and lastly, division VI. the height of the column of hydrochloric 
acid (at 0° and CK76), calculated according to formula (4.), which the total illumination 
of sun and daylight is able to combine during this one day. 


Table XXL 


I. 

II. 

m. 

IV. 

— 

BH 

Melvillo Island . 

Rcykiavik . 

Petersburg. 

Manchester. 

Heidelberg.. 

Naples. 

Cairo ... 

Bombay. 

Ceylon .. 

Borneo . 

74 47 N.L. 
64 8 N.L. 
59 56 NX. 
58 SO N.L. 
49 94 NX. 
40 513 NX. 
30 9 NX. 
19 0 NX. 
10 0 NX. 

0 0 NX. 

1196 

5964 

8997 

14590 

18940 

96640 

36440 

43890 

47530 

48940 

10590 

16090 

16410 

18990 

19100 

90550 

91670 

11790 

90980 

95340 

39740 

37340 

47190 

58110 

motroa, 1 

1306 

9394 

9806 

3695 

4136 

5996 

6437 


From the numbers in division V, it is seon that the total chemical energy which the 
earth receives s im ultaneously from the whole heavens and from the sun, varies compa¬ 
ratively slightly with the latitude of the place. At Cairo the total chemical action 
is about five times, and at Heidelberg about twice as large as it is on Melville Island, 
which is only about 16° distant from the north polo. Notwithstanding this small 
difference, the highest position of the sun above the horizon on the day in question at those 
three places is very different; viz. at Melville Island, 15° 1«V; at Heidelberg, 40 SO'; 
and at Cairo, 69° 5,8', The explanation of this remarkable relation is to be found in the 
large dispersive power of the atmosphere, which acts as a regulator of the photo- 
chemical processes occurring on the earth’s surfaoe, modifying and lessening the great 
differences in the chemical illumination produced. by the direct sunlight. This is 
plainly seen on reference to the numbers in divisions III. and IV. The numbers repre¬ 
senting the chemical activity developed by sunlight alone in Melville Island, Heidelberg, 
and Cairo, are nearly in the relation of 1:15*8; 80*5, whereas the chemical actions 
brought about by diffuse daylight at these places* when the amount of direct sunlight 
on Melville Island is taken as unity, are as 8*0:16:18*1. 

A comparison of columns HI. and IV. show moreover that, singularly enough, the 
amount of ohflTmnnl energy effected by the diffuse daylight is, down to the latitude of 
Heidelberg, larger than that produced by the direct sunlight. At Heidelberg the action 
sources is nearly equal; at Petersburg that of the diffuse daylight,is almost 
double of that pf the sunlight; and at Melville Island the effeot produced by the 
former source iMaeariy; te times ns'largo as that effected by the latter. , 
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IV. THE PHOTO-OHEMIOA1 ACTION OF TUB BUN COMPARED WITH TIIA P OF A 

TEERBSTEIAL SOUKOE OF MG JIT. 

We haw made a few experiments for Hie purpose of comparing the light ovohcxl 
from the sun’s body witli that liberated from a terrestrial source. The most suitable 
light for this objoct, appeared to bo tho intense illununatiou pmluoed by the combustion 
of magnesi um wire in tho air. In the following experiments we have employed a piece 
of magnesium wire, the radius ofwhich, measured wider a microscope, was /-0-1 185mm.; 
this wire was pressed out of a steel press by the method employed by one of us for the 
preparation of potassium and sodium sire, and applied by Dr. Mattihkwijn to the metals 
of the -Ural™ earths. When tho end of such a wire is raised in temperature, it takes 
iiro and bums on regularly throughout its entire length, leaving a coherent thread of 

magnesia. 

Tn order to compare the light thus evolved with that of the sun, it was necessary to 
know the length of wire which remained incandescent during ilio combustion. This 
cannot be measured directly, because ft surface of a few square millimetres appears 
during tho ignition like a ball of to os largo as a nut. If the enormous intensity of the 
light he weakened by transmission through dark coloured glasses, the edges of the wire 
can be more distinctly soon; but, owing to the rapidity with which the combustion 
proceeds, even in this way no oxact measurement is possible. The length of the 
incandescent piece of wire may, however, bo obtained, with sufficient accuracy, in the 
following way:—Between 80 and 40 millimetres of wire of tho above thickness wore hold 
in front of a photometric stearinized diaphragm illuminated by a gas-flame burning in 
the tin box described in our former papers, and then burnt at such a distance from the 
diaphragm that the ring just disappeared. If, now, all the arrangements remaining the 
same, shorter pieces of wire of exactly known length arc burnt, the ling always disap¬ 
pears until the length of the wire taken is less than tho part which during tho com¬ 
bustion is kept incandescent. From this time forward tho ring appears plainly, and is 
seen to be black on a white ground. Two experiments made in this way allowed that 
pieces of wire above 10 millims. in length rendered tho ring invisible, whilst with pieces 
shorter than 10 millims. tho ring was seen to bo dark on light ground, The length of 
wire kept continually incandescent during tho combustion is therefore A=10 millims. 
in length. The wire burning at a distance of 2440 millims. from tho insolation-vessel 
of our photometer, effected an action of 181*7 units of light, or of 0*01817 degree of 
light per minute. The light producing this action emanated from a cylinder of 
totagnesium, having a radius 0*1485 millim. and a height of 10 millims. The surface 
'of 4 this half cylinder gives out as much light as an equally intensely illuminated 
~^r]j 0ge jjQgg jyg equal to the diameter, and whoso height is tho same as tho height 
“ ider. This rectangle had, in our experiment, tho area 2rte2 , 07 square 
,/Or a circular area having a radius of 0*0726 millim. radius. If this 
]$j tfu&a »t a distance of 208*7 millims, from tho insolation-vessel, 
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instead of 2440 millims., the action, instead of being 0*01817 degree of light, would 


have been 


0*01817 x 2440® 0 , Qei , , , 

-* 2087 ®-=2*482 degrees of light. 


This distance (208*7) is, however, that at which the luminous circular area of burning 
magnesium seen from the insolation-vessel has the apparent magnitude of the sun s disk. 
As the sun, before its rays suffered diminution by passing through the atmosphere, would 
effect upon the insolation-vessel an illumination of 318*8 degrees of light (seen from 
formula 14.), the chemical brightness, or the chemical activity of the rays proceeding 

from the sun’s surface is , or 128*2 times larger than that of the rays evolved from 


magnesium wire burnt in the way described. By help of the same formula (14.) it is 
seen that the chemical brightness of our incandescent magnesium wire is equal to that 
of the sun when it stands about 9° 53' above the horizon. A burning surface of mag¬ 
nesium wire, which, seen from a point at the soa’s level, has an apparent magnitude 
equal to that of the sun, effects on that point the same chemical action as the sun 
would do when shining from a cloudless sky at a height of 9° 53' above the horizon. 
If, for instance, such a surface had a diameter of 1 metro, the chemical action which it 
would produce at a distance of 107 metres is the same as the sun would effect when 
shining perpendicularly on any object from an elevation of 9° 63' above the horizon. 

As a matter of interest wo have, in contradistinction to the chemical, compared the 
visual brightness of these two sources of light, i. e. the brightness as measured by the eye. 

For this purpose the direct rays of the sun at 12 o'clock at noon on the 18th of 
November, 1858, when the sky was cloudless, wore reflected by means of a mirror of 
bla ck glass through a circular opening of 0*899 millim. diameter on to j the stearinized 
diaphragm of the photometer, and then the gas-flame of the photometer was so arranged 
that the diaphragm ring .disappeared. In order to counterbalance the different colour 
of gas- and sun-light, a piece of pale blue glass was placed between the flame and the 

diaphragm. . 

1st us suppose that the intensity of the light when the ring disappears is I. Let S 
be the intensity which the unit amount of sunlight possesses after-the one reflexion, g 
the apparent area which the hole through which the sun passes appears to have when 
seen from the diaphragm, and g l the apparent area of the sun’s disk; then the following 
fraction gives the intensity of the sun’s direct rays falling perpendicularly upon the 


diaphragm, 


ijjj* *3, J * 




f * 


In order to «mm*% ito-toi*. toe intensity of toe burning magnesium, toe wire was 
burn* before tbs foghragra .fff, the ,photometer, at. such a, distance font the ring, as in 
the case of r^ ^^^pearedi ' If we (Ml ff, toe apparent «ea of- 

$e jneandesoent, of tod photometer ring, toe burning 
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portion of the wire will illuminate the diaphragm, wkon its apparent area w <’<l nal to 
that of tho sub, with the intensity 

lii. 

ff* 

The visual brightness (G) of tho sun, compared with that of a burning magnesium wive, 
is therefore 

G= % 

If the radius of the opening through which the sun shines be r; the distance of tho 
opening from the photometer diaphragm <1; the ladius oi the incandescent suifuee of 
magnesium considered os circular r x \ and the distance of this surface from the 
diaphragm d i9 the brightness of llic stui compared with that of tho magnesium is 

n &i 

G:= S3^ : 

S is found from tho formula 

G _Bin«(^ jr ^) 1LnnVf-rt 

sin 4 * (p -Hf') ’T'tan* (<p +?')’ 

when <p si gnifie s the anglo of incidence and $ the angle 1 of vofraction of the my. fa is 

calculated from tho refractive index of tlio minor =1*55=?^, when the angle of 

incidonoo (p) is known. The value of <p is obtained from tho azimuth (A) of tho opening 
through which the rays pass; from the sun’s declination (fc) on tho day of experiment; 
from the time of observation (t), and from tho latitude of iloidclbotg (y>)» by moans of the 
formula (8.) already employod. By substituting tho following numerical voluos, 
A=73° 44'; 5=-17° 68'; /=r0° O'; j?=49° 24' in the fonuula, we have 

kSssO'OCIOI. 

Direct measurement gave 

r=0*1995 millim.; ^=0*9725 millim.; fc2f)90milliBifl.; ^=2440 millima. 

Hence 

G=s 524 * 7 . 

The observations were made on November 18th, 1858, at 12 u Q w , when the sun’s zenith- 
distance was 07° 22'. Tho brightness of the sun’s disk, as measured by tho eye, is 
therefore, at this zenith-distance, 624*7 times as groat as that of the burning magnesium 
wire, whilst at the same zenith-distance tho ohemical brightness of tho sun is only 80*6 
times as great. 

The steady and equablo light evolved by magnesium wire burning in tho air, and the 
immense chemical action thus produced, render this sourco of light valuable as a 
simple means of obt aining a given amount of illumination expressed in terms of our 
jps^sojrerp^nt of light. According to the abovte experiment, a piece of magnesium wire 
long and 0*297 mOlim. in diameter, effects at a distance of 2*44 metros an 
* Mf imits of light, of which 10,000 aro equal to 1 degree of light. For every 

burnt, there is thereforo produced 1*1 unit of light at a 
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distance of 1 metre, These numbers cannot be supposed to be very accurate, as the 
q uan tity of magnesium upon which we could operate was but small, and we were there* 1 
fore unable to eli minat e the errors arising from the phenomenon of induction as com* 
pletely as could be wished. 

The combustion of magnesium constitutes so definite and simple a source of light for 
the purposes of photo-chemical measurement, that the wide distribution of this metal 
becomes desirable. The application of this metal as a boutcg of light may oven become 
of technical importance. A burning magnesium wire of the above thickness evolves, 
according to a measurement we have made, as much light as 74 steavine candles*, of 
which five go to the pound. If this light lasted one minute, 0*987 metre of wire, weighing 
0*1204 grm., would be burnt. In order to produco a light equal to 74 candles burning 
for 10 hours, whereby about 20 lbs. of stearine is consumed, 72*2 gnns. of magnesium would 
be required. The magnesium wire can be easily prepared by forcing out the metal by 
great pressure from a heated steel press having a fine opening at bottom r this wire might 
be rolled up in coils on a spindle which could be made to revolve by dock-work, and 
thus the end of the wire, guided by passing through a groove or between rollers, could 
be continually pushed forward into a gas- or spirit-lamp flame in which it would bum. 


y. CHEMICAL ACTION OP THE CONSTITUENT PARTS OP SOLAE LIGHT. 

The chemical action effected by tho several portions of the solar spectrum depends not 
only upon tho nature of the refracting body, but also upon the thickness of the column 
of air through which the light has to pass beforo decomposition. In tire following 
experiments we have employed prisms and lenses of quartz, cut by Mr. Darker of Lam¬ 
beth, instead of glass prisms, which, as is well known, absorb a large portion of the 
chemically active rays. In order to render our experiments as free as possible from 
the irregularities arising from variation in the atmospheric absorption, the observations 
were made quickly one after the other, so that the zenith-distance of tho sun altered 
but very slightly. 

A perfectly cloudless day was chosen for these observations* and the direct sunlight 
reflected from the speculum-mirror of a Silbhrmann’s heliostat through a narrow riit into 
our dark room. The spectrum produced by the rays passing through two quartz prisms 
and a quartz lens, fell upon a white screen which was covered with a solution of sulphate 
of quinine, to render the ultraviolet rays and the accompanying dark lines visible. In 
t his screen a narrow slit was made through which the rays from any wished-for portion 
of the spectrum could be allowed to pass, so as to flail directly upon the insolatiomvessel 
& distance of from 4 to 6 feet A finely divided millimetre-scale was also 
p l a ced qjx ttatfstefen, by means of which the distance between the Teacnhqmr’s lines 
could he accurately measured, and the portion of light employ e&thua exactly determined. 

In order torecogmze^ various portions of the spectrum, we employed 

*map of the dark lines prefix#ribiefe he most kindly placed at our 

be nghled ft' ah Mb, as the diaphragm. o£ the photo- 
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disposal, The figure (fig. 19, Plato XLVU.) contains a copy ol* Mr. feoiuw’fi map, with 
the distances measured by him, and letters given according to his notation. We ha\o 
divided the space between the letter A in tho rod to the last my &*>khh observed, W in 
the lavender rays, into ICO equal parts, and wc repiesent tlic position and breadth oi 
the bundle of rays which effected a given action upon tho insolation-vessel as follows 
If a bundle of lays lying between tho abscissa 20*5 and 3 \ in fig. 15 had to bo j epresonted, 
we should call tho edge of tho bundle towaids A, l 1)15, and that towards \V, \ H*» 
whilst the middle of the bundle, or the portion of the spectiuin which ptoduees the 
action, we call “ £ DE to l FQ.” Tho breadth of this bimdle of rays hi which the it w 
lation-vessel Was completely bathed, was xuo °f the total length of the speclium. 

Tho following Tabic gives the diiect results of a series of obsemitions made by per¬ 
fectly cloudless sky at Heidelberg, oil the 14th of August, 1857, under a bavometiio 
pressure of 0 m, 7404. The fiist column gives tho numbers of the observations in the 
order in which they were made; columu IJ. tho times of obsonation in true solar time; 
column HI. the portion of spectrum under examination; and column IV. the action 
corresponding to this portion. 


T. 


TI 


m 

ni 

IV. 

1 

h 

10 

m 

54 

A.M. 

Vrom j 

(HI to I. 

48*80 

8 

10 

58 

A.M. 

Prom , 

| 1)14 to 14. 

1*87 

3 

1\ 

4 

A.M. 

From < 

ft to 1 Dli. 

0*47 

4 

u 

8 

AM. 

From 

N,lo IQlt. 

18*88 

5 

11 

18 

A.M. 

From 

\ US to J ST. 

8*03 

6 

11 

41 

Altil 

From 

iSTtofUV. 

1*87 

7 

11 

47 

A.M. 

From 

J N.Q to \ US ... 

11*73 

8 

11 

50 


From 

} ST to J UV. 

1*08 

9 

11 

54 

A.M. 

From 

J IMi to N j . 

37*87 

10 

11 

57 

A.M. 

Fiom 

II, to JIM, . 

57*48 

11 

0 

1 

P.M. 

From 

II, to (IM, .1 

53*30 

19 

0 

4 

P.M. 

Ftom 

| (HI to II. 

61*38 

18 

0 

7 

P.M. 

From 

iFGtoG. 

87*64 

14 

0 

16 

P.M. 

From 

I FG to G. 

88*74 

15 

0 

SO 

P.M. 

From 

4 DU to 1?. 

1*39 

16 

0 

$5 

P.M, 

Fiom 

\ N 4 a to i us... 

13*19 

17 

0 

38 

P.M* 

From 

J NjQ to l US ... 

18*41 

38 

0 

40 

P.M. 

From 

G to /I Gli. 

53*78 

19 

0 

48 

PM. 

From 

4 cm to n*„. 

58*74 

SO 

0 

45 

P.M* 

From 

f(HI to I. 

53*9 


If the fraction of the unit amount of incident light which is rcficctod from tho mirror 
of the heliostat at tho commencement and at the end of tho scries of experiments bo 
calculated, we get the numbers 0*644 and 0*642, which differ so slightly, that tho 
variations brought about by the reflexion may be neglected without ovorstepping the 
observational errors. At the times of observation on tho 14th of August, 1857, tho 
zenith-distance was as follows 

. t * 

h m a i 

At 10 54 a.m. ■ 87 85 
At 0 0 a.m. 85 18 

At 0 45 p,m, 86 16 
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The chemical intensity of the sun’s rays at these various periods may be calculated by 
formula (14.). They are in the proportion of the numbers T002, 1*000 and 1*016. 
Although the differences between these numbers are but small, we have reduced all the 
observations to that chemical action which would have been observed if they had all 
been made at 12 h 0 m a.m. upon the day in question. The following Table contains the 
numbers thus reduced, the mean value having been taken of those observations whicli 
occur more than once:— 


No. 

Truo solar tuna. 

Position in the spectrum. 

Relative^ oheiuiool 
action. 


h 

m 



53-7 

1 

10 

54 A.M. 

From | 

■ GH to I . 

2 

10 

58 A.M. 

From | 

DE to E . 

1*3 

3 

11 

4 a.m. 

From ( 


0*5 

18*9 

4 

11 

8 a.m. 

From Ni to 4 QR. 

5 

11 

13 a.m. 

From I 

IIS to* ST. 

3*1 

6 

11 

41 A.M. 

From 1 

1 ST to | UV. 

1-3 

7 

8 

11 

11 

47 A.M. 
54 A.M. 

From ^ 
From \ 

N.QM.HS . 

!■ IM, to N,. 

13*5 

38*6 

9 

0 

1 M, 

From Hi to 4IM, . 

55*1 

10 

0 

4 p.m. 

From -j 

[QU to H. 

60*5 

11 

0 

16 P.M. 

From 1 

FG to G. 

38*4 

12 

0 

30 P.M. 

From \ 

. DE to F. 

1*4 

13 

0 

40 p.m. 

From < 

3to*GH. 

54*5 


- * 

The lines a a a a (fig. 19, Plato XLYII.) give a representation of the relative chemical 
action which the various parts of the spectrum, the rays of which liave only passed 
through air and quartz, effect on the sensitive mixture of chlorine and hydrogen. It is 
seen that this action attains many maxima, of which the largest lies by & GH to II, and 
the next at I, and also that the action diminishes much more regularly and rapidly 
towards the red than towards the violet end. of tie spectrum. 

The sun, when it was employed for these experiments, was 35° 18' removed from the 
zenith. If the atmosphere were throughout of the density corresponding to 0 m *76 and 
0° C., the perpendicular height which, during our experiment, it would have possessed, is 


0*7494 

0*000095084 


=7881 metres. 

* 


The depth of atmosphere through which the rays had to pass in this experiment was, 
howeyer > -^§^-,=9047 metres. 

We have stated in one of our previous communications*, that the solar rays which 
at differ ent hours of the day pass through the same column of chlorine, are altered m a 
wtf iSSfffeftmt manner. This shows that rays of different chemical activity are absorbed 
in very differ ent ways by the air. The above results are therefore only applicable for 
sunlight which has passed through a column of air, measured# 0^*76 and 0° C, of 9647 
metres in thickness. > For mys which have to pass through ft column of air of a different 
length from ihia, the chemical constituents of the spectrum must 


ainemts; 
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be different. Tho order and degroo in which the chemical myH are abhorbed, may bo 
ob tained by repeating the observations according to tho above method irom hour to 
hour during a whole day. Such a series of experiments wo hate unfortunately as yet 
been unable to execute, owing to tho variability of the weather in our latitudes. One 
very imperfect scries of observations we can, however, quote, and they suffice to show 
that tho relation between tho chemical action of tho spectral colours is perceptibly 
altered when tbo thickness of air through which the rays puss elmugos from 91147 to 

10,735 metres. 

These experiments were likcwi&o made on August the 14th, 1857, in the hliorl spare 
of time from 9** 44" to 10‘ 19" A.M., and gave the following numbers reduced to the 
zenith-distance (42 8 46'), corresponding to 10 h 0" a.m. They were, however, made u itli 
a bundle of rays of a different thickness from the former experiments, and therefore 
cannot be compared with those. 


V o. 

Tiino. 

Portion of npoefriun. 

BoWivo 

fluilluul 

nriion 

1 

h jii 

From l GIT to I. 

14*5 

1 

9 44 a.m. 

£ 

9 48 A.M. 

From N. to U„ .. 

10*1 

8 1 

9 54 a.m. 

From A, to \ ST. 

£*4 

4 

9 59a.M. 

From \ ST to U.. 

0*0 

5 

10 4 A.M* 

From & to SOU ......... 

18*0 

6 

10 8 A.M. 

From F to 4 TO...,. 

M 

7 

10 11a.m. 

Fiom 5 to 4 FG .. 

From j Dll! to | EF ...... 

8*£ 

8 

10 15 am* 

0*4 

m.* * am • • 


those observations arc represented by the linos bbl (fig. 10, Plate XLVIT.) in which, 
it must be remembered, a unit different from that of tho other experiments is employed. 
From this it is seen that tho relation of tho chemical action of the spoctrom from tho 
line E to the line H undergoes a considerable alteration when tho rays have to pass 
through a column of air 10,735 metroB in height instead of 9047 metres. 

An extended series of measurements of the chemical action of the sovoral portions of 
the solar spectrum under various conditions of atmospheric extinction, may prove of 
great interest, if, as we can now scarcely doubt, tho solar spots appear at regular inter- 
iffift, and our sun belongs to the class of fixed stars of variable iUummatmg power* It is 
possible that such observations, made during (he prescnco and during the absence of 
the solar spots, may give rise to some unlooked-for relations concerning tho singular 
phenomena ocauadng <m the «un*s surface. ‘Whether* however* the atmospheric 
extinction can ever be determined with sufficient sooacaey to render visible the altera¬ 
tion in the light which probably room with the spots* is a question which can only be 
tended by a series of experimental inves^gaticuct which must extend far beyond the 
tefs trfeay tingle observer, 
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Steam-engines, on the thermo-dynamic theory of, with dry saturated steam, 177, 743 (see Uankinb). 

Stratifications in electrical discharges, 137 (see Gassiot). 


T, 


Tate (T.). See Faiiibairn. 

Tension of solids, thermal effects of, 98. 

Tkermo-dynamic properties of solids, 91 (see Joule). 

Thermo-electricity, 91 (see Joule). 

Thylacoleo camifea, 809 (see Owen). 

Tyndall (Professor J.). On the Physical Phenomena of Glaciers.— Part I,, 261. 

_ On the Veined Structure of Glacicro; with observations upon White Ice-seams, 

Air-bubbles and Dirt-bands, and remarks upon Glacier Theories, 279.—Veined structure, &c., 380; 
flattening of air-bubbles in glucier ice, 297; dirt-bands, 301*. 


V. 

Veined structure of glaciers, 279 (see Tyndall). 
Victoria regia , anatomy of, 479. 


Z. 

Zincmsthyl, preparation of, in considerable quantity, 412. 
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PRESENTS 


KRCTBIYED BY 

THE ROYAL SOCIETY, 

WITH THB 

NAMES OF THE DONORS. 


From November 1868 to May 1869. 


Pebsbnts. 

ACADEMIES and SOCIETIES. 

Amsterdam:— 

Yoikandolingen dor Koninklijko Akadomio von Wotonschappon. 4 ie , 5 d# , 
0 d# Dotd. 4to. Amsterdam 1861-68. 

Vorslogon on Mododoolingcn. Afd. Natnurktindo, 7*° Docd. Afd. Lottor- 
knndo, S' 1 ® Dool, 8vo. Amsterdam 1867,1868. 

Jaarbook: April 1867 to April 1868. 8vo. Awatm&m. 

Catalogue van do Bookorij dor KoninkHjko Akadomio van Wotonsohappon. 
1“* Bools, l* 4 ® Stnk. 8vo. Antftewfom 1867. 

BasdU— 

Borioht fiber die Verhandlimgon dor Ifatarfowohenden Gcsellflchaft, 
Hoe. 5-8.' 8yo, Basel 1843-49. 

Verhandltmgen. Thdl 2. Heft 1. 8vo. Basil 1868. 

Batavia 

Verbandolingen von hot Bataviaasdh Gonootsohap van Kunsten on "Woton- 
eohappon. Doel 28. 4to. Batavia 1864-67* 

Tijdflohrift voor Taal-, Land- on Yolkenknndo, <fco. Hiotrwc Sono. 

Doel 3. 8vo. Batavia 1866-67. 


Donohs, 


Tho Academy. 


/ i* 

The Society, 


The Sodoty. 

The Batavian Socdoty of 
Arts and Scitmcos. 


Berlin:—' 

Abhandlungm dor Kofiigliohon Akadomio dor Yftssonschaften, Aus dean 


Jahro 1857. 4to. Berlin 1868. 

I 

Monatsberioht. January, Eehmary 1869. 

Bh yrikaHBo hen Gosqllschaft. Dio Eortechritte dor Physik im Jahre 1866. 
JahrgangSI, Abth, 2: im Jahro 1860, Johrg.XIX. Abth.l, 8vo, Berlin 
1858* ■ / - *» 

BomErQfEoangerade der 48**“ Vemsattmhmy ediwefoeriechcir Hatorfowoher. 


8vo. 1,868. \ . . < 

Berwick:—Proceeds of thfe' FlteadW Club, VbL IV, 

Ho.9. 8w, . ’ v>\‘ v -’ 

MBCOOMX.. s <* 


I ^ 


The Academy. 


The Physical Society. 

i 


He Society. 
He dub, 
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PuESmTS. 

A CADEMIES and SOCIETIES (continued). 

Bombay j—Tnmsaotioiifl of tho Geographical Society, 1880-40, aiul January 
1847 to April 1848. 8yo. Bombay. 

Boston Proeoodruga of tho Amoriean Academy. Vol. Ill. Non. 32-52. 

YoL TV. Nos. 1-11. 8vo. 1850-68. 

Brofilau:— 

Novortnn Actorom Acadoitum OcoHoroiB I^oopoldino-Curolintx) Natunc Oinio- 
sorum. Vol. Yicosimi sosti Paw Prior ot Socunda, 4 to. Vndhhvur n 
Bonner 1867-68. 

Pdnf and droifleigetor Jahrofl-Boricht dcr SchlesiHchoB Go&eMiaft Pur vater- 
landiaoho Kultux...ini Jahro 1857. 4to. Breslau. 

Brassds:— 

Mdmoiros do l’Acaddmio doa Sciences, &o. Tomo XXH. 4to. Bwrites 1818. 
Pcs JXoyens do souatmiro PExploitation dos Mini* do JEoullle aux CfliuneeH 
d’Esplosion. 8vo. Bruxelles 1840. 

Calcutta:— 

Journal of tho Ariatio Socioty of Bengal, Nos. 5, 0, 1857; Nofl. 1-4, 
1868. 8ro. Culcuita. 

~M~nmnivfl of fhfl 0 oolocicol Stirvoy of India. Vol. 1, Purt 2. 4 hi. Oulcuttu 
1868. 

CambridgeTransactions of tho Cambridge Philosophical Society. Vol. X. 
Part 1. 4to* Cambridge 1868. 

CherbourgKdmoiros do la Roddtd Impdrialo dos Sciouoos NatoUoa, Porno 
V. 8yo. Paris, Cherbourg 1868. 

Christiania*.-- 

PhyriMiiko Moddololsor vod Adiun Amdlsan. 4to. Christiania 1858. 
NytMagarin for Naturridenskahorno. 10* Bind. Heft 1—3, 8vo. Christiania 
1867-68. 

Norgos Myntor i Hiddolaldoron, samlodo og badcrovno of C. 1. Sclrivo. 

Mod Inlodning af 0. A. Hdbnboo. Heft 1, 2. £61. Christiania J858. 
Betconlmmg og fodatinfag fro don vod Kongolig Resolution of 5 te August 
1858 nedsatto Commission angaondo dot offcntligo Pnttigvmscnpaa Landot. 
4to. Christiania 1850. 

Coponhagcoa:—OYeragt, I860,1867. 8vo. BjobenJuam. 

J^aaat—3lj4moiroB da PAoaddmio Impdrialo des Sdonoos, Arts ot Bellos Lottros. 

. 8^ edrio. Poms VI 8vo. Dijon 1858, 

Dublin t— 

Journal .of the OtotagtaaL Society, Yd. YIL Part 3. VoLVUX. Parti. 8yo, 
JhibUn 1866-68. 

Journal of the Royal Jhiblin Society, Vol. I. and Nos, 0-18. VoL IL 8vo, 
DMn 1868-69* 

Edinburgh:—Procoodings of the Boyal Society. Vol, XV. No, 48. 8 yg. 1857-68. 
Polmouth:—^IVcnty-fifth Annual Boport of the Royal Cornwall Polytodmio 
Sodoty, 1867. 8vo. flahMufa 
Gtenm:— 

Mdmdres do Is $osi#d do Phyriqno at d’lKstoiro Naturollo, Porno M. and 
Poms XXV, Part 2.1868. 4to. Gmhie. 

Plates to ditto. Oblong &L 


DdNOKS. 

Tin* Society. 

Tho Academy. 

Tho Academy. 

r flio S»wiety. 

Tin* Acudemy. 


Tho Society. 

llio Cwdogicul Muhtnim, 
Calcutta. 

Tlu* Society. 

Tlio Society. 

Tho Royal Univormty, 


Tho Royal Society, Copen¬ 
hagen. 

Tho Academy, 

■ 

Tho Sodoty. 

Tho Society. 

Tho Society. 

Tho Socioty. 

Tho Sodoty* 



[ 8 ] 


Presents, 

ACADEMIES and SOCIETIES (continued). 

Qdttiugon:—Hachriuliton von dor Georg-Aiigusts-Univorsitat, &c. Svo. Qbt- 
Ungm 1857. 

Haarlom:—, 

Nntuurkundigo Yarhanddingen van do HoUnndsdhe Moatachappij dor 
Wotensehappen. Twoodo Ycrzanieling. Dool 3, Stuk 2. 4to. 1847; Deol4* 
4to. 1848; Dool 6. Stuk 1. 4to. 1848. Haarlem. 

Historisclio on Lottorlnmdigo Yorliandolingen. Doel 2. 4to, Haarlem 
1853. 

Kiel:—Schriffcen dor Univorsitat: aus dom Johro 1850. Bd. 3; Jahre 1857. 
Bd. 4. 4to. Kid 1857,1858. 

Lancashire and ChoshiroTransactions of tho Historic Society* YoL X. 
8vo, London 1858. 


Donors. 
Tho Society. 


The Society. 


Tho University. 
Tho Society. 


Lausanno r 

Bulletin do la Socidtd Yaudoiso dos Scionoos Haturollos. Tom. Y. Ho, 42* Tho Society. 


Tomo YL-Ho. 43. Bvo. Lmmnnc 1858. , 

Catologuo do la BibHiothiqttO, Mai 1858. 8vo. Lausanne. - -■— 

Xiogo;—Mo'moires do la Socidtd Boyalo doe Scionoos* Tomes XI. XIII, 8vo. Tho Socioty. 

Likje 1858. 

Lisbon Trabalhos do Obsprvatorio Metoorologico do Infanto D. Luis na Escola Tho Academy of Sdoncos. 

Polytochnica. 3° anno, 1850-457. fol. Lisboa 1868. 

LiverpoolProceedings of tlko Literary and Philosophical Socioty. Ho. 12. Tho Socioty. 

Svo. Liverpool 1858, 


London■ 

Board of Trade.—Motoorulogictd Department. Second and Third Numbers Tlio Board of Trodo. 
of Molgorological Papers, compiled by Boar-Admiral EitsRoy, 4to. London 
1858. 

British Architects. Papon road at tho Royal Institute of British Archi- Tho Inafcituto. 

toots, 17 Numbers, 1850-53, and Session 1857-58. 4to. London, 

British Assotbdioa. Report of the Twenty-seventh Meeting. 8m London Tho Association. 
1858. 

Chemical Society* Quarterly Journal, Yol. X. Ho. 2. 1857. Yol. XI. The Society. , 

Nos, 2-4,1858-58. 8vo. 

Geological Society, Quarterly Journal. YoL'XIY* Parts 3 & 4, YoLXY* The Socioty. 

Tarts 1 & 2. 8vo. London 1868-58. 

Geological Sutvoy. Memoirs of tho Goologioal Survoy of Groat Britain, and The Museum* 
of the Museum of Practical Geology, Mining.Rocords. By Robert Hunt, 


Esq., P.R.S. 8vo. London 1858* 

Horological Institato. The Bhrological Journal. Nos, 1 to 8. 8vo. London 
1858-58.- ■ 

Linnoan Society. Transactions, Yol XXII . Part 3* 4to, London 1858* 

i n.. list of Bellows, 1858, Svo. 

. . »* " ■■ a t+m urt * « Journal of tho Proceedings, YoL UL Hes, 0-12; and 

Suppl eme nt to Re to n y * Noe. 1,2* Svo, London 1858-59, 

. Pathologxcsl Socioty, Transactions, Yoh IX, Svo, London 1868, 

Journal of th e R h»4o g »pi455odbtyi> s HeO* #7-85.1858-5& 8ve* 



The Institute, 
The Society, 


IheSocofity. 
The Society* 
The Society, 
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Pmmms. 

ACADEMIES and SOCIETIES (continued). 

London:— 

Boysl Astronomical Society. list of Follows. 8 vo. London 1858. 

Eoyal Geographical Sooioly. Piocoodings. Yol, II. Nos. 3-6. VoL III. 
Nos. 1, 2 . 8 vo. London 1858-50. 

Eoyal Institution. Noiioos of the Proceedings, &c. of tlio Royal Institu¬ 
tion. Poit 8 . 8to. London 1858. 

_ List of Members, &o., with the Report of Vifdtors tor tho 

year 1857. 8 vo. London 1858. 

Royal Medical and Chirurgical Society. Kodioo-Chirorgiool Transactions. 
Yol. XII. 8to. London 1858. 

__——- Proceedings. Yd. II. No. 2. 

Yd. m No. 1. 870 . London 1858-50. 

Society of Antiquaries. Aichxoologia, Yd. XXXYU, Part 2. 4to. London 
1858. 

i . Proceedings. Yol. IY. No. 47. 8 vo. 

.. —.— Ii&t of tho Soedoty. 870 .1858. 

Soedoty of Arts. Journal. Yds. YI. and YU. Nos. 201 to 330. 3858-50, 
Statistical Society. Journal. Yd. XXI. Ports 2-4. 870 . Londoti 1858, 
United Borneo Institution, Journal. Yd. I. Nos, 2 & 3. Yd. IL Nos. 0 - 8 , 
870 . London 1857-50. 

Zoological Society. Transactions. Yol. IY. Part 5. 4to. London 1858. 

--— — Proceedings. Nos, 366-300. 

- list of Fellows. 8 vo. 1868, 

Manchester:— 

Memoirs of tho literary and Philosophical Society. Second Bonos, Yd. 
XY. Part 1. 8to. London 1858. 

-- Proceedings. Nos. 1-14. 8 vo. 1867-58, 

Milan:— 

Momorio ddPL R. Istituto Lombardo di Soienzo, Iiottoro od Arid, Yd. YI. 

and Yd, YU. Pose. 1-8. 4to. Milano I860,1858. 

Atti. Yd. I. Faso. 1-5. 4to. Milano 3 858. 

Giomale. Faso. 47-54. 4to. Mono 1850-57. 

Moscow;—'Bulletin do la Socidtd Impdrialo dcs Natuxdistos. Azmdo 1857* 
Nos. 2, 8 , 4. Anndc 1858. No. 1 , 870 . Mooeou 1867-58. 

Munich:— 

A bhandfanm dor TThmipi^h Baverischcn Akadomi e dor 
PhiLosoph.-Philobg, Olaseo. Bd. 8 . Abth. 3. Mat. GUaso. 33d, 8 . Abth. 2. 
Math. Phys. Olasse. Bd. 8 , Abth. 2, 4to. MUnehon 1857-58. 

Gdehrte Anreigen. Bd. 46,47. 4to. MVnehen 3658, 

Abhandlungen dot Naturwisaensahaf^^ Commission. Bd. 2. 

870 . Mxmehm 1858. 

TJober Johannes Muller, u,s,w. 4to, MUnah&n 1858. 

Ueber die goBohiohtliohon Yorstufon der nettoreh Redrtephilosophio, 4to» 
Mdnohen 1858. 

Usher nmu%efondono Bichtungen 3710000800 Petraroa , s, 4to. Mtinehen 
18$8. 


Dokojm. 

The Society. 

Tho Society. 

The Institution, 


Tho Society. 


Tho Sooioty. 


Tho Soeioty. 
Tho Sooioty. 
Tho Institution. 

Tho Sodoty. 


Tho Sooioty. 


Tho Institute. 

Tho Sodoty* 
Tho Aoadomy. 
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Dokoub. 


PnEtuaras. 

ACADEMIES and SOCIETIES (continued). 

Daria;— 

Mdmoiros do l’lnstitut. Notices ot Extraits des Maunscrite do la Biblio- 
thiquo Impdrialo, &o. Tomos XYI. XVII. XYIU. XIX . 4to. Paris 
1858. 

Comptca Rendus do PAcodemie des Soionoos. Yol. XLYI, Nos. 23-26. Yol. 

XLVII. 1858. Yd. XLYIII. Nos. 1-20.1859. 

Tables. Tomo XLYI. 4to. 

Ajmal cs dos Minos. 5“ e Sdrie. Tomos XIII, XIY. Iiv. 4-5. 8vo, Paris 


1858. 

Bulletin do la Sooidtd do Gdograpliio. 4 m0 Berio. Tomos XY. XYI. 8vo. 


Paris 1858. 

Bullotin do la Sooidtd Gudogiquo do Eraneo. 2“° Sdrie. Tomo IV. Eeuillos 
79-86.1846-47. Tomo IX. EeuilloB 6-10.1851-62., Tomo XTV. Eeuillos 
46-57. Tomo XY. Fonillos 7-42.1866-58. Tomo XYI. Eeuillos 1-23. 
1858-59. 8vo. Paris . 

Aniuilftfl Hydrographiquoe. Tomo XIII. 8vo. Paris 1857. 

Ammairo dos Hordes dos Cotos do Erunco pour TAn 1858. 12mo. Paris 1857. 
Instruotioii & suivro pour allor mouillor but la Kudo do Santa-Oruz. 8vo. 
Paris 1868. (Extrait.) 

Manuel do la Navigation dans lo Ddtroit do Gibraltar. 8vo. Paris 1867. 
Notes sur la Navigation do l’Arohipol des Marquises. 8vo, Par/s 1858. 
(Extrait.) 

Nolo sur los Courants do l’Oodan Atlantiquo. 8vo. Paris 1867. (Extwiit.) 
ltoconnaissunco hy&rographiquo doa Ootoa Ocoidontuloa du Contro Andriquo. 

8 vo. Paris 1867. (Extrait doa Annulua Ilydrog.) 

Buppldmont au Livro dos Pharos. 8vo, Paris 1857. 

Notioo sur lcs Errours dos Compos, &o. 8vo. Paris 1858. 

Buppldmont au Oataloguo chronologiquo des Oartos, &c. 8vo. Paris 1867. 
(Extrait.) >■ 

Philadelphia 

Academy of Natural Soionoos. Journal. Yd. IY. Tart 1, 4to. Philadelphia 
1858. 

.. r Proceedings, Yol. 1.1841-43. Yd. II. 

Nos. 2, 4, 6, 6, 8,8,10,11,1844-45. .Vd. 3U. 1846-47. Voi. IV. 
Nos. 2-8,1848-40. Yd. Y. Nos. 6-12,1860-61. Yol. YI. 1862-68. 
VoL YU. ,No. 1,1854. Yol. yin. Nob. 8 , 4, 1866i and Nos. 7-10, 
1858. 8vo. Philadelphia* 

AwnvifiMi Philosophical Spdoty. Proceedings. Yd, YI. Nos. 57,58. 8vo. 


1857. f 

Pranklin Institute. Journal. Now Series, Yds. I. & H, 1828. Yd. VIII. 
.No, 6,1881. VoL IX. No. 6, 1832, Yd. X. No, 6,1882. Yds. XI. to 
XIY. 1838,4884, Vd.XXI. Third Berios. 1851, Yol. XXYH. No. 4, 
1854 YoLXXXY. Nos, 6, 6. Yol, XXXVI. 1868, Yd. XXXVJX 
Nos. 1-4,1859. $b&MpUa. 


Atti ddl’Aeea^mia.PenjiiifLssft Ns** & 

1857. Amo XX. Sess. ,i$67-**.; 68* 

r ■ / w y ^ 1 r ■! 


The Institute. 

The Aoodomy. 

L’J&cdo dos Minos, 

Tha Boeioty. 

The Society. 

Lo Ddp6t de la Marino. 


The Aoodomy. 


Tho Society. 
Tho Institute. 

I 

f 

f' 

X P 

, The Academy. 
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AC ADEMIE S ond SOCIETIES (continued). 

Homo:— 

Momorio doll’ Osscmtoiio del Collogio Romano. Nuova Boric. No. 1. -Ho. 
Soma 1859. 

Si. rotorsburgh.:— 

Compto Rendu do l’Academio Impdrido dos Snoneos i 850-57, 8vo, 
St. Tuto'&lmmj 1857-58. 

Bullotin do la Gasso riiyuioo-Matlioinatiqtio. Tome XV l. 4to. St . V * U rs - 
bousy 1858, 

Bulletin do la Glasse Ilistorioo-Philologiquo, Tomo XIV. I to* St. IhUrs- 
bourg 1857, 

Stockholm:— 

Xongliga fivonska Votonbkap-Akadomions Bundlingar. NyPoljd. Bondoll. 

Hoflci 2. 4to. Stockholm 185(1. 

Ofvorrigt. 14.* 1 Arg&ngon, 1857, 8vo. Stockholm 1858. 

Beraildso omik-amsstogm i Pyhik under £r 3 852..ATE. TSdlund. 8vo. Stock¬ 
holm 1867. 

Voyago autour dtt Hondo met lo Private Suddoiso Eugenio, owicatd pendant 
lew AnndoH 1851-1853. fioua lo Comiuandcmmt do 0. A. Virgin. Ob¬ 
servations SciontiIh|ueH puhlieos, par Ordro do mi lo Roi Oscar I, 

par VAeaddmia Royalo den Rdoncof) it Stockholm, Phymepio 1. 4to* 

The Bamo in Swedish, By elk 1, Botanik I. 55aologi I. II. 4to. Stockholm 
1857-68. 

Toronto:—Tho Canadian Journal of Industry, Sdonco, and Art. Now Sorioe. 

Nos. 14-20. 8vo. Toronto 1858-69. 

ToUlouse:— 

Mdmoiros do PAoaddmio Impdrialo dos Sciences, &o. B m Sdrio. Tomo IT* 
8 vo. Toulouse 1858. 

Annnairo. 14“* Anndo. Toidottst 3 858-59. 

Turin;— Mo morio dol la Roalo Aooadcmia dello Soionzo. Berio Sooonda, Tomo 
XVIL 4to. Torino 1858. 

Venice:— 1 

Attd ddl* Imp. Bog. Xstituto Vonoto di Scaonw, lottoro od Arti. Tomo 3°, 
Serie 3®. Dtepaosa 8-10. Tomo 4. Bmp. 1-3, 8ro, Vttmkt 1857-59. 
Momorio. Yob VTL Parts 1,2. 4io. Vonma 1857-68* 

Vienna:— 

Benksobrita dor Kaiserifchen Akademit dear WiMonschaften. Moth. 

Nator. Olaase. 14 w Band. 4to. Wim 1858. 

SiktmgsMM. Moth. Nafcur. dam Bd. 24. Heft 8. Bd. 25 k 20. 
1867. Bd. 27. Heft 1, Bd. 28, 29, and Nos. 18,14,16, Bd. 30,1858. 
8yo. Wim* 

- PhiLBMOasse. 3WL28. Heft5,1857. M %*, 26, 20, ft 

Bd. 27. Heft 1,1858. 6vo. TOn. 

Almanack dor Akadomie. 8® Jkbxgang, 186ft 
Jabxhuoh dex X. X. Geologisohen Bddhsanstalt. 1857, Jahxgsatg VXU, 
Nos. 2, 3, 4. 1868, Jahigong XX. Nos. 3 ,2,8, 4to. Wien. 

HatMuatgoa derX. X. Geographisehmi GeseDbohaft. SW Jakrgang, 1858* 
Heft 1-8. 4to, Wiotu 


Tlio Observatory, 

Tho Academy. 


Tho Academy. 


Tho Canadian InaUtnto. 
Tho Academy, 

Tlio Academy. 

Tho Institute, 

The Academy. 


Tho Imtitato. 
The Society* 
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PttKUiKIS. 

ACADEMIES Mid BOOTRTIES (continued). 

Washington:— 

Smithsonian Miscellaneous ColIootionB. Tables, Meteorological and Phy- 
aiftfilj prepared by Arnold Guyot. Second Edition. 8vo. Wi&fiiwjton 
1858. 

Procoodings of the American Association for tho Advancement of Soionce. 
Tonth Mooting, I860. Eleventh Meeting, 1857. 8ro. Cambridge 1857-58. 
WurzburgYorhimdluiigon dor Phytdoalisch-MediriniBthim Gosdlschoft. 
Bd. 0. Heft 1. 8vo. Wilrzburg 1858. 

YorkshireFirst Ammal Boport of tho South Yorkshire Viewers’ Assoeiti- 
tion. 8vo. Barnsley 1868. 

AIEY (G. B. f F.E.S.) Astronomical, Magnoticul, end Meteorological Observa¬ 
tions made at tho Boynl Observatory, Grconwich, in tho Yoar 1857. 4to. 
London 1869. 

■ _ Account of the Construction of tho Now National Standard of 

Length, and of its Principal Oopios. 4to. London 1858. (From Phil Traua. 
Part IH. 1857.) 

ANONYMOUS:— 

Almanaquo Nautico para d Afio I860, 8vo. Cfoliz 1858. 


An Apology for tho Doctrino of Pythagoras, as compatible with that of 
Christianity, &e. 8vo. Boxdogne-mtr-Mer 1858-69. 

Catdoguo of tho Books in tho Admiralty Library. 8vo. London 1858. 
Oalnloguo of Egyptian and olhor Antiquities oolloctod by Bii’ Charles Nichol¬ 
son, D.G.L. 8vo. London 1858. 

Catalogue of tho Follows, &o. of tho Boynl College of l^hysiciuns, 1858. 
Catalogue of Pioturos in tlio National Portrait Gallery, January 1,1859. 8vo. 
London, 

Circular to tho Patrons of tho Bowdttch library; with the documents on the 
occasion of its being-presented to the FuhHo Library 1 of the Chty of Boston. 
8vo. Boston 1858. 

Eleventh Annual Boport of tho Ohio Stato Board of Agriculture for the Year 
1850. 8m ' 

Encyoloplldisoho Ueborsioht der Wlssensdutftwa des Orients, rub ribben «ea* 
bischon, potaadam und tifrHftchen Werfeen fibersotrt, Ihoil 1 & 2. Svo. 
Leipzig 1804. 

Ephomoridos of the Minor Planets tod Neptune for the Year 1859. Bvo. 
London 1858* 

Fifth Boport of the Postmaster-General 4to. London 1859. 

Flora Batova. Afl. 184. 


Nederiandsoh Krridkradig Arahief; coder redactio 7aq.W. 3BL do Vriese, &o. 
4* Led, 8#* Sfcfc.fivo, Leyden 1858. 

Official Beports on the last Jem*y» and the Death of Adol^e'fioh l agatWeit 
iaTuririStam 4to. Berlin LM9&. dktnhdinn,) 


* * 


prcelectiones tresdemm in 1 Prindphan Blomentorum EudidiA 4to r OeoonU 
Quarterly Journal of Microsoopl&al Scdenoe, ^No. 8voi London 1858. 


Donoiw. 


The Smithsonian Institution. 


The Association. 
Tho Society. 

The Association. 
Tho Admiralty. 


Tho Astronomer Boyd. 


Tho Observatory of Son For- 
nando. 

Tho Author, 

Tho Admiralty. 

Sir C. Nicholson. 

Tho College. 

The Secretary. 

The Trustees, 


Tho Board. 

/ 

1 

J. Tata, Ibiv FAS! 


I 

Borland HU, Eeq^ FXS. 
HsMjdeaiy the Barg nf the 
Notherlaada. 

The Editors, 

Means. JL end B» Sobla- 

. . s^., rf j * 

1 ffftmWOK* 

' J. Yates, B*q., F.EJSi , 
J WiHiwbB, Esq. 



PBnstnrrs. 


[ 8 3 


Donous. 


ANONYMOUS (continued). 

Report of the Oommissioiiorfl appointed to inqtriro into the Regulations affect- 
ing the Sanitar y Condition of tho Army, &o. fol. London 1858. 

Eepotri of tho Commifleioner of Patents for tho Yoar I860. Arts and Mann- 
feotaros. Yola. I.-IH. Agriculture. 8vo. Washington 1857. 

Reports of Explorations and Surveys, to ascertain tho most prueticublo and 
ec ono mical Route for a Railroad from tho Mississippi Rivor to tlio rnciflo 
Ocean; made ""dar tho dirootion of tho Socrotory of War in 1853-51. 
Yds. n.-Yin. 4to. Washington 3 865-57. 

Report on tho Sanitary Condition of tho Army, particularly during tho luto 
Wai with Russia. By a Non-Comnmeionor. 8vo. 

Report of tho Superintendont of tho Coast Survey, 1850. 4to. Washington 
1866. 

Bdndo Railway, Indus Stoom Flotilla, and Punjaub Railway, 8vo. Loivlon 
1859. 

Tenth Annual Report to tho Council from tho Committoo of tho Royal Mu¬ 
seum and library, Pod Park. 8vo. Salford 1858. 

Tho Exhibition of 1861:—"Why it should bo—What it should bo—Where it 
should be. 8vo. London 1859. 

Tho Nautical Almanao and Astronomical Ephomoris for tho Years 1850-62. 

4 Yds. 8vo. London 1855-68. 

Tido Pablos for tho English and Irish Ports, for tho Year 1858. 8vo, London 
1867. 

The Royal Gallery of Art. Parts 33,35,80, 37. fd, London 1858-50, 

Tho University Oollogo, London, Calendar for tho Session 1808-59. 

Y'irtombcrgisohos Urtandaubudi, horaasgogoben von dom KBaigliohon 
Staatsarchiv in Stuttgart. 2" Band. 4to. Stuttgart 1858. 

BAOHE (A. D,) On tho Heights of tho Tides of the Unitod States, from Ob¬ 
servations in tho Coast Survey. 8vo. 1858. (From tho Amor. Jouxn.) 

--- Tide Tables for the Uso of Navigators, &c. 8vo. 1857. 

BIANOONX (J. J.) Spodndna Zodogioa Mosombicana, Paso. 13. 4to. Bonom® 
1850. 

ROHM (J. G.) and KARLINSCT (F.) Hognetisoho und Motoordogischo Boo- 
bachtungon ruProg. IS® 1 ,18", & 19" Jahigang, 4to. JPrttg 1855,1858-50. 

BOND (G. P.) On the Use of Equivalent Numbers in tho Method of Least 

• Squares. 4to. Cambridge 1856. (From Mem. Amor. Acad, of Arts and Sci.) 

■ .—» An Aooount of Donati’s Comet of 1858. 4to. Cambridge 1858. 

• (Extract from Mathematical Monthly.) 

BOND (W» C.) Observations on the Planet Saturn, &o. j being Ann als of tho 
Astronomical Observatory of Harvard College, Yd. H. Port 1. 4to. Cam~ 
bridge mi. 

BOWBITCH (N. J.) Suffolk Surnames. Second Edition. 8vo. Lotion 1858* 

BBETT (T.) A Treatise on light, Yision, and Colours j apprising a Theory on 
Entire new Principles, deduced, by great care and study, from Common 
Nature, explanatory of much Phenomena not before understood, 32mo, 
Toronto 1858. 

BRINE (Oapt. F.) Record Map of Sobastopd and surrounding Country, Xc«- 
<2ohL858* (Mounted in oover.) 


T. O. Balfour, M.D., F.R.R. 

Tho Putont Office, Wunhing. 
ton. 

Tlio Unitod States Govern¬ 
ment. 

Tho Author, 

Prof, A. D. Radio. 

Tho Publishers. 

Tho Committee. 

Tito Society of Arts. 

Tho Adminiliy. 


S. C. Ml, Esq. 

Tho Collage. 

His Majesty tlio King of 
Wttrtemburg. 

Tlio Author. 


The Author. 

Tho Observatory. 
The Author, 


Tho Observatory, 

The Author, 

The Author. 

Oapt, Frodorio Brlno, R.E, 
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Presents. 

BRINE (Oapt. F.) and GOLBORNE (Hon. Capl. J.) Memorials of tLo Brave; 
or, Hosting Places of our Fallon Heroes in the Crimea and at Scutari. 
Second Edition. 4to. Zontfon 1868. 

BRONN (H. G.) Dio Entwidkelung dor Organischon Schopfung. 8vo, Stuttgart 
1858. 

BRUNNOW (F.) Astronomical Notioos, Nos. 1-6. 8vo. Ann Arbor 1868-69. 
BURGESS (J.) On Hypsomotrical Konsuromcnts by moans of tbo Baromotor, 
&c, 8vo. Gdkutta 1859. 

BURNET (T.) Tolluris Thooria Sacra; orbis nostri originom ot mutationos 
gonorales, &o. Editio tortia. 4to. Londini 1702. (Contains Nowtou’s Auto¬ 
graph.) 

BURT (T. S.) Account of a Voyage to India vid the Mediterranean. 8vo, 
London 1850. 

CLAUSIUS (R.) Dio Potontiulfunction und das Potential. 8vo. Leipzig 1869. 
COOPER (W. W.) On Wounds and Injuries of tho Eyo. 8vo. London 1869. 
COEENWINDER (B.) Reolierohos sur l’Assimilation du Carbone par lea 
Fouilles des Vdgdtaux. 8vo. Pans. (Extrait dos Annoloa do Chimie.) 
CROFT (Sir J., F.R.S.) A few Notes on tho Sorvioos in Portugal ftom tho 
Tear 1810 to 1816 (inclusive). 8vo, 1867. (Privately printed.) 

DANA (I. D.) Review of Maroon’s 'Geology of North Amorioo.’ 8vo. 1858. 
(Excorpt from American Journal.) 

DAVIDSON (T.,F.R.S.) Pahoontologiool Notes on the Braoluopoda. Nos.l& 2. 

8 vo. 1868-60. (Excerpt from tho Goologist.) 

DE MORGAN (A.) Proof of tho Existonoo of a Root in every Algebraic Equa¬ 
tion. 4to. Cambridge 1858, 

- On tho Syllogism, No, III., and on Dogio in general, 4to. 

Cambridge 1868. (Excerpts from Trans. Camh. Phil. Soc.) 

DENISON (E, B.) On some of tho Grounds of Diseatisfhotion with Modem 
Gothio Architecture. 8vo. 1869r (Proo. Roy. Inst.) 

DESMOUCEAUX- (M. A.) Notioe Biogmphiquo sur M. Balthasar Romano. 8vo, 
Naples 1868. 

DE VARNHAGEN (F. A.) Vespuoe ot son premier Voyage, &o, 8vo. Paris 
1868.: ^ 

■ I,-- Examon do quolquos Points do l’Hietoire gdogra- 

phiq tto du BrdsR, &c. *8vo. Pams 1868. (Extroits dn Bulletin Soo. 
Gdog.) 

DEWALQUE (G.) Observations critiques sur Page des Grda liasiques du Lux- 
omboorg. 8vo. (Extrait du Bulletin Acad. Roy. do Belgique.) 

DOUGLAS (Sir Howard, F.R.8.} On Naval Warfare with Steam. 8vo. London 
1868. 

REACH (S. M.) On the Statistics of Marriages in England. 8vo. 1869. 

EDVE F.R.S.) An Addenda on tho Displacement and Equipment of Ships 
and Vessel! W«fc 4to. London 1869. 

ENOKfi (J. F., For, Mem, R.S.) Ueber die Extstonz tines wideretehendon 
Mitteb im Wtitraumo, Bsrftn 1858. .(Ana dem Astron. ffthrb, fUr 

1801.) ' 
i n 1 1 1. tip * .p ——*^i** 

' 8va. Par 1868, 

MDC0CUX* 



Dontobs. 

Capt, Frodorio Brine, R.E. 

The Author. 
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Tho Asiatic Sotioty of Bon- 
gal. 

J. Yates, Esq., F.R.S. 

Tho Author. 

Tho Author. 

Tho Author. 

Tho Author. 

Tho Author. 

Tho Author. 

Tho Author. 

Tho Author, 


The Author. 
Tho Authoress. 
The Author. 

The Author. 
The Author. 
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The Author. 
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.The Author. > 
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Pnmi.NTs. 

MOKE (J. F., Far. Mom. R.8.) VeMdohniHH dm* von Bradley. Piiu/i, Lu- 
londo nnd Bosaol boobuclilotim Hlumo, u^.w. Zone 0 Ulir, JUfttl 1. Hone 
IX. TJhr, BlaU10. With 2 Star Maps. fol. Berlin 1858. 

ERDMANN - (A.) B oskrifhing ofvur BnlkarlsbcrgH Joinmulmsf«ilt uli Ncua 
gookon ooh Oioteo Lm. 4lo. StodMm 1H5H. (Rom Kongl. Vol. Akuil. 


PutkOlH. 

The Observatory, Betlhi. 


Tlio Author. 


Hondl.) 

‘njRnTTBili (P<) Bio Borodlmung vom FlaohaninliivLl dor ICugcLsottO. 8vo. Zuriift 
1809. 

EBPT (J - . P.) Fourth Motooiological Boport. 4to. Washington 1857. 

FAltAB AY (M., F.lt.8.) Exporimontul ItcsearehoH in Chemist iy mid I'liysn «. 
8 yo. London 1859. 

FISCJHEE BE W ALDHEIM (Cl.) Ommiilolampes el Tmeholuonniluih, genera 
Pisdum fossilitun Nova. *ilo. Jdov/iup 1851. 

FIBHEE (J. 0.) The Mows Awoimt of tho Omit ion. hvn. Philwlriithut 1 S.V\ 

FLOTJltENS (P.) Elogo Jlisloiitpio do Fnuipiis Ahigendie. hvo. ftirh 1858. 

FOKBES (J.B., F.K.8.) Occasional Paporh on llio Thorny of UkicievH, Ac*. Hvo. 
Edinburgh 1859. 

GIESEKE (Bi.) Wottor Bwibochtungon augestelll m Uodtlumli in Sudgronhuul 
vom 1 Novomlor 1800, bin ram 10 Augiuil 1813. (Munusoiipl transcribed 
Horn tlio Originals in Copenhagen.) 

GILBAKT (J. W., F.lt.8.) Tim L»>giV of Baulking, Ac. Svo. tendon 1850, 

G1LL188 (Lioul. J. M.) Tlio United Stales* Naval Astronomical Expedition to 
llio Southern llwnfcqihiw. Vol. HI. Observations to dnlumiiw tho Holar 
Pumllax. 4lu. Wudmtjlon 1850. 

GLAHSFOEB (0. P. O.) hondun Sewage » skull it bo Wwled, or ICoonomImlV 
8vo, London 1858. 

QOBWIN (U., F.K.H.) Town Swamps nnd Social Bridges, 8vo. Zonrfon 1859. 

GBAHAM (IiouL-Colond 3. B,) Annual Itoporl on Uio Harbours of Lake 
Michigan, 8vo. Washington 1857. 

-..— Mop of Chicago Harbour and Bfti*. 1857. 

GUAY (Maria E.) Figures of Molluscous Animals, selected from various 
Authors. What jfor the Uso of Studontb. 8vo. London 1859. Vols. I.-IV. 

GBEENE (W. B.) An Expository Hkoich of a now Hiooiy of tho Calculus. 
12mo. Paris 1859. 

GUOYE (W. U., F.U.S.) On tho Biota soon in tho Electrical Disohaxgo in 
vacuo. 8vo. London 1858, 


[llie Author. 

Hu* U.K. Government. 

Tho Author. 

Tho Author. 

The Author. 

Tins Author. 

Tho Author. 

Sir \\\ ('. Trevelyan, per 
Prof. Faraday, F.U.H. 

Tlio Author. 

Tho United Stales (tovoiu- 
luont. 

Tlui Author. 

Tho Author. 

Tho War Beporlmonl, U.8, 


J. M. (Jray, Bmp, F.lt.H. 
Tho Bodoty of Arts. 

Tlio Author. 


. . . - . . On timnhfiuanao'of Id^ht an tho Polarixod Elaotrodo. . . .. 

8vo, London 1858. (From tho Philosophical Mogarino.) 

HATES (S.) £htaso^fiiosl Egysrimants } ooodtsining usofal and nsoossary J* Yatos, Esq,, FJLS. 

Instructions for such as take long voyages at Sea, &o, 8vo, 

HATJEU (A. van.) tPrimao lines Phyriologta, in usam .pmdootkmnm 
acadexnioarnm. 8vo, tEdinburgi A767, 

HANSEN (P. A., Far. Mom. E.S.) Emleitende Bemorktmgen hhsr twins dritto The Author. 

AJbhandhmg: Auseinandersetsang ssasr ftntahssMgcn Methods sox Bo* 

‘ reohnung dor Absoluten Stttnmgon dor Eltinon Pkucrt&n, 8vo, 1850. 

(From Boricht. dor Xdn, Sdohs. Gosollsohaft.) 

HANSXEM (0.^ nBrnunagnethto Minatiaufl Forsndringar i den noridige og The Author, 
sycthgo Ehlvkagls, 4to. Xjtibmfmn 1857* 



[ 11 ] 


Passions. Donous, 

HAKTNUP (,T.) Direction and Strength of tho Wind at tho Livorpool Obsorva- Tho Observatory, 
tory, 1852-57* (Five Shoots of Diagrams.) 

HAUGHTON (Sir Gravos C.) Tho Chain of Gausos j dcmmmtrating tho neeos- The Author (Posthumous), 
sary Counoxion, Eolation and Dopendonoo of Hiyaics, Metaphysics and 
Morals. VoL I. fed. London 1842. 

HAYE11S (G., Translator.) A GanomL Oollootion of Discourses of tho Virtuosi J. Yates, Esq., F.R.S, 
of Fronoo, upon Questions of all sorts of Plrilosophy, and other Natural 
Knowledge, &o. 4to. London 1004. 

_. anti DAVIES (J.) Another Celltjction, &o. 4to. London - - - 

1005. 

HENNESSY (H., F.K.8.) Tho Distribution of Heat over Islands^ 8vo, London Tho Author. 

1858. 

___ Note on tho laws which rogalato tha Distribution — 

of iBothormnl Linos. 8vo. 

___ Torrostrinl Climate, as influenced by tho Distribu- - 

tion of Land and Water. 8vo, Lublin 1858* (Excerpts from tho Atiantis.) 

-- A Discourse on tho Study of Sdonoo in its Reflations . . 

to Individuals and to Society. Second Edition. 8vo. Lublin 1859. 

■ - —On a Uniform System of Weights, Meusuros, and, -- j 

Coins fbr all Nations.. 8vo. London 1858. 

IIENEY (J.) Motoorology, in its Conuoxion with Agriculture. 8vo. Washing- Tho Smithsonicnlnstitution. 
ton 1853. 

HENWOOD (W. J., F.E.8.) Notes on flubterranotiu Tomporaturo in Chili. Tlio Author. 

8 vo, Penzance 1857. 

HIM (U, A.) Koohcrchos sur 1’Ecpuvulent Mdcuuiquo do la Cludour. 8vo. Tlio Autiior. 

Colmar ot Pam 1858* 

HOLLAED (H.) Etudes but los Gymnodontos, &e. 8vo. (Esfcmtt dos Ann* d* ThuAutiio& 

BcLNot. tom. riii.) 

HOBSOTSLD (T.) v ond-MOOBE (F,)' As, Catalogue of the Birds 1 in the 1 Museum The Dfreoter«i of tho Hon. 

of tho Hon. East India Company; Vblv XL &v0. London 1856-58. East India Company, per* 

Bo, Hor a fle td, F.JLS. 

HUMPHEY (G. M.) A Troatiso on, tho Human Skeleton (including tim Lrinte). Tha Author. 

8 vo. Oambridgo 1858, 

JAMES (Lieut.-Colonel H.) OrdmmosiOhigonomntrfo^ Snovsyof M Britain; Tho Saowtwy of State ter 
and Ireland. Account of Obrovation* and. Oakolations of tho Principal War. 

Triangulation; and of the Figure, Dimensions* and Mean SpaditaGravity 
of tho Earth, os derived therefrom. With onavohnaa of Plates. 4to. Lon¬ 
don 1858. 

JEFFREYS (J., F.E.S.) The British Army in India: its Preservation, &c. Tho Authors 
8 vo. London 1858*^ 

JEFFREYS (L G., F.E.S.) Gloanings in British Conchology. 8vo. London 1858, The Autiior, , 

. L .. • ! - ! ->■-. More Gleanings in British Connhobgyv 8vo; Lon- .. 

dob 1858*' r . * 

i n - ^- : .-i-^t - ffl n tirirqrn in British, flonohotegy^ 8sss- *. . 


b 2 


London 1859. (Excerpts from Annals of Nat, BQst.) 
JOHNSQN 


Eaddiffe Observatory, 

Vote, XVXT. XVHt. Svo. Oxford 1858-59.. 



viuAn\tffh nViHtbws.. 
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DoNOllH, 


JOTTBNAIB:— 

AstronomisdiG NachrichtGn. Bond 46—47. 4to. Alionti 1867—68. 

OoBmos. VoL XU. Liv. 24-20, andToblo. Yd. XIIX. and Yol. XIY. Iav.1-20. 
8 vo. Paris. 

Journal of tho Indian Archipelago. Wow Soiios. Yol. IT. Wo. 4. 8vo. Sint/a - 
pore 1867, 

Tho Amnpinn.'n Journal of Boionco and Arts. Yol. XXVI. and Yol. XXY1T, 
Nos. 70 & 80. 8vo. Eewhaven, 1868-430. 

Tho Athonconm. Juno to December 1868 ; January to April 1850, 

Tho AtlantiB: a Bogistor of IAioraluro and Bcienoo. Conducted by Member* 
of idxo Ootholio University of Xroland. Nos. 2 St 8. 8vo. London 18*>8, 

The Buildor. Yols. XVI. XYU. Nos. 802-860. London 1868-61). 

The Goologfet; a Popular Monthly Magazino of (h*ology. Edited by H, 3. 
Marino, Esq., F.G.S, Yol. I. and Yol. II. Nos. 15 & 10. 8vo, London 
1868-60. 

Tho Journal of Mental Saionco. Yol. Y. Nos. 27-420. 8vo. London 1860. 

Tho literary Gazctto. Juno to December 1868 j January to May 1850. 

Tho Mathematical Monthly. Yol. I. Nos. 1-7. Edited by J. D. Bunhlo. 4lo. 
Cambridge (U.8.) 1868-60. 

Tho Philosophical Magasano. July to Docomlwr 1868; January to Muy 
1860. 8vo. 

XELLEB (F. A. 13.) Notioo mir In Navigation tnmHatkintlque, &e, 8vo. Paris 
1860. 

, KEMPLA.Y (0.) Comets: Uioir OonsUtution and VIwhoh, &o. 8vo. London 
3860. 

KBBHL (K.) Jahrbiiohor dor K. K. Contral-Anfltalt fiir Motoorologio und 13rd- 
magnoUsmus, Bond 6. Jahrgang 1868. 4to, Wien 1868. 

KDPFFEB, (A. T., Bor. Mom. B.B.) Annolos do PObsomtoiro Miywquo 
control do Bustdo. Aando 1866. Nos. 1, 2. 4to. 8l. Patersbourg 1837. 

■■■■ ■ — ■ ■ — .— Supplement aux Annalos, pour PAnudo 

1865. 4to. St. PHmbowy 1850. 

LAMONT (J.) Aan&lon dor KtinigUdhon Stomwarto boi Mttnuhen, Bond X. 
8to. Miinchm 1868. 

——-Untorsuchungon iihor die Biohtung und Stilrko doe Krdinaguo- 

tuanus anverschiodemon Ptmcion dos Sudwostliohon Europa iraAllorhUchston 
Auffcwgo seiner Majeatttt dec Konigs Maximilian II. 4to. MUnchen 1868. 

LAMONT (J.) and BOLDNEB (J. von.) Motoorologisoho Boobaohtungoa aufgo- 
uiohnat an det X, Stemwarte bei MBndhon in don Johroa 1826-37. 8vo. 
ARhwAwl867. 

LAV7SON (G.) Papers read to the Botanical Sooiety of Edinburgh. 8vo. 
Edinburgh 1868. 

LEE (B., P.B.S.) Engravings of the GaugUa and Nerves of the Dtorue and 
Heart. 4to. London 1868. 

LE YEB BEEB (TJ. J. J., For, Mom. B.S.) Annales de PObsorvatoiro Imperial 
da Paris. Tomo IT. 4to. Paris 1868. 

IJKAB^ Ul (F,) Das Gasots dos Mcnsohliahcn VVaohsthuiuos und dor untor dor 
Norm zuiiiohgeblisbene Brustkorb als dio arsto u n d wiofrtigsto TJrsaoho dor 
Biiaoiris, Scrophulose und TuberouXoso. 8vo, Wien 1868.. 


The Olwomioiy, AUona. 
Mons. l’Abbe Moigno. 

The* Editor. 

Tlip Editoiu. 

Tin* Editors. 

The KOitmw. 

The Editor. 

Tho Editor. 


The Editor. 

Tlu* Editor. 

W. Hhurswood, Esq,, Phila¬ 
delphia. 

W, Francis, Ewi« 

Mouh. Gauguin. 

Tho Author. 

Thu Aoadomy of flcioncos, 
Vienna. 

Tlio Etat-Miyor of Mining 
Engineers of ltussia. 


Hie Obsomtory, 


Tho Author. 

Tho Author. 

Tho Observatory, 
Tho Author, 
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Pmss'Rjrra. 

LINATI (P.) ot CAGGIATI (P.) Rochorehos Expdrimontaloa sur loa Effota 
du Cournnt Eloctriquo appliqud au Norf grand-sympathiquo. 8vo. Fame 
1859. 

LINDSAY (J. B.) The Chrono-Astrolabo; containing a full sot of Astronomio 
Tables, &c. 8vo. Dundee 1858. 

LITTROW (0. von.) Armnlon dor K. K. Stomworto in Wien. 3 er Bulge. 7 W 
& 8® Band. 8vo. Wien 1858-6D. 

LOWE (E. J.) A Natural History of Eoim Parts 79-00. 8vo. 1858-69. 

---- Beautiful-leaved Plants. Parts 1, 2. 8vo. 1850. 

LUBBOCJK (J.) On tho Ammgoinunt of tho Cutaneous MuscIob of tbo Larva 
of Pygwra bucqjJutla. 4to. London 1858. (Erom Trans. Linnonn Hoe.) 

LUTHER (E.) and WICHMANN (M.) Astronomisoho Boobaehtuugon auf dor 
Koniglichon Univorsitiits-Storawiu’to su KonigHboi'g. Ablh.33, fol. Konigii- 
hmj 1858. 

MAJEWSKI (A.) Do Substantiorum, quro liquoribns Amnii ot Allantoidis 
instint, rationibus divonais vitas ombryonalis peiiodis. 8ro. Doiyati Livono- 
rwn 1858. 

MALLET (R., E.R.S.) On tho Military and Naval Usos of vory largo Shells, 
and tho comparative Bows of Shells in relation to Diameter. 8vo. London 
1858. (Erom Journal of United Service Inst.) 

__and MALLET (J. W.) Tho Earthquake Catalogue of tho 

British Association, with the Discussion, Curves, and Maps, &o. 8vo. 
London 1858. 

MAPS, ENGRAVINGS, WORKS OB ART, &o. 

Map of llio Busin of La Plata. 1853-60. 

Engraved Portrait of Miyor-Gonorol Edward Bubinn, R.A., Trous, and V.P. 
Royal Society, 

Portrait in Oil, with Glilt Eramo, of Dr. J. E. toy, E.R.S. 

Portrait in Oil, in Gilt Eramo, of Dr. O. A. Mantell, E.R.S. 

Photographic View of tho Reflecting Telescope erected at Brudatonos. 

Statuette of Sir Isaac Newton, modollcd after tho Statue oroctod at Grantham 
in September 1858, designed by Mr. ThoecL 

MAURY (Com. M. E.) Emanations and Soiling Directions, to accompany 
the Wind and Current Charts. Yol. I. Eighth Edition. 4to. Washington 
1858. 

- Wind and Current^ Charts. Gules In tho Atlantic. 

4to. Watkmgton 1857. 

MEDICI (M.) Compendio Storioo della Sonata Aootomioa di Bologna, &o, 4to. 
Bologna 1857. 

MEINERS (0,)- Geschiohte des Ursprangs, Eortg&ngs tmd Vor&lls dor Wis- 
sdudbafton in Grioohenland nnd Rom. Band I. H. 8vo, Lerugo 1781-82. 

MERL1NI (G.) H ^aasato, il Presents e PAvyenire della Industria.Mamfht- 
turiero in Lombardia. Sv& Jtfttano 1857* 

MEYER (H. von,) Eauna dcr Vorwelt. Reptilien aus dem Hthographiaohou 

SchiefOr de» Jura ih Deutscdda^ UAd U ^wdefart 

. a,unm. 1 ‘ 


Donors. 

The Authors. 

Tho Author. 

Tho Observatory. 
Tho Author. 


Tho Author. 

Tho Obaorvutory. 


Tho Author. 


Tho Author. 


The Authors. 


Navy Department, Wash¬ 
ington, 

Mqjor-Cionorul Sabine. 

Tho Botanical Sooioty. 

Mr. Walter Mantell. 

W. Lussoll, EBq,, E.R.S. 
Thomas Winter, Esq., of 
Grantham. 

Tho Author, 


Tho Navy Department, 
Washington. 

Tho Author, 

J. Yates, Esq., E.R.S. 

Tho Author. 

The Author.. 
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Fuusrirr*.. 

VTT.T.TffR. (W. H., F.R.S.) On the Construction of tho Now Tmporiul Standard 
Pound: on tho Comparison of llio Now Stondardb with the Kilogramme 
des Archives, &c. 4to. London 1867. (From Philosoplucnl Tranwctions, 

Pait 8,1856.) 

MITCHELL (J.) On tho Extraction of the Prooious Metals by inruns of 
MitchdFs Patented Amalgamating Machinery. 8vo. London 1858. 

MOLINETJX (T.) A Short Introduction to tho Uho of tho Globes, 12mo. 
Lowhn 1793. 

MULDEK (G. J.) Sohoikondigo Yoiliandelingcn on Ondmookingen, 2 ,1 ° Deol. 
3 d * Stuk. 8vo, Eotterdam 1868. 

MURCHISON (Sir R. I., F.R.S) Hilum. The History of tho ()ldosl Fossili- 
ferous Bodes and their Poundutions; with a brief Sketch of tho Dibtiilm- 
tion of Gold ovor tho Earth. Tliiid Edition. R\o. London 1888. 

MYINE (R. 'W.) Geological and Topographical 3lap of London and its 
Environs. (Shoot mounted in CJovor.) 

NAVA (D.) o RELMI (G. F.) Sul Ouglio Vitolliuo. 8vo. J Mum 1887. 

PEYERTJS (J. 0.) Moryeologia hive de livmiuantibvK ot Itvminationo ('ommen- 
toiivs. 8to. Basllew 1086. (Tins oopy hours on tho title-page this auto¬ 
graph of Button, to whom il belonged.) 

PICTET (A.) Los Origiuos Indo-Kuropdennos on las Aryiw priiuitifk: Emou du 
Paldoutologio linguistiquo. PremiAro Partin, 8vo. (hoior, Puns I860. 

PLANTATION It (E.) Do lu Temperature ft. Gonf-vo d’aproa vingt tumors 
d'Obhorvationfl (1836-65). 4to. Gaum 1867. (Extrait doa Mdm, do la Hoc. 
do Phys.) 

.____ _ Observations Aidrcmoiniqaca JCdtofl h PObacmitdro do 

Gonftvo dons lea aan&s 1861 ot 1862. XI* ot XII° H<Mo. 4to. Geneve 
1858. 

__— Koto sur la Comftto do Donati. 8vo. (Ertrait des 

Archives doe Sciences.) 

- ■ - Rdsumd Mdidorologiqno do l’anndo 1856 pour Gcnftvo 

ot le Grand St. Bernard, 8vo, Gmdve 1850, 

. .— Tho satno for 1850 and 1857. (Extraits do la Bib. univ. 

do Ganftve.) 

RAT REV (G.) On tho modo of Formation of Shells of Animals, of Bono, and 
of eevond other Structures, by a Process of Molocular CoolcHconco, domon- 
sctijldallT toned Products. 8vo. London 1862. 

RAMGHtnsIMk itTroatise on Problems of Maxima and Minim a solvod l»y 
Algebra, undhrto dapeaMndgoOSP of At Be Morgan, 8vo. London 
1859. 

RENNIE (G., EH.S.) Oh the tontaty ot Seat developed by ‘Wntor whan, 
rapidly agitated. 8vo. (From Bop. Isdti Asssot) 

ROBINSON (Rov. T. R, F.R.S.) Bxperimsntd R oas rao bni oothQ lifting Bower 
of tho Electro-Magnet. Part 8, 4to. Dublin 1858. (From Xconaj* Roy, 
Irish Aoad.) 

SABINE (Major-Gen. E., Trees. R.S.) Manual of ToirartrialMagnittou 8vo, 
(tkbraoted from the Admiralty Manual, 1869.) 


Diinhim. 

r 11ie Astronomer Royal. 

Mr. P. Hay. 

J. VaU'S, Esq., F.H.S. 

The Home Deptu Intent, Go- 
vonmient of tlie Nothor- 
lundn. 

Tlie Author. 

The Author. 

Tho Authors. 

Dr. V. Hib*»on, F.R.S. 

TTiu Author, 

The Author, 


The Author. 

The India-dEo*. 

Thft Adhon 
The Author. 

Tho Author. 
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Phesbkts. Donoiw. 

SABINE (Major-Gon. E., Troas. lt.8.), (Editor.) Lotte of Col. Sir A. 8. Vice-Chancellor Sir W. P. 
Erozor, K.O.B., commanding the Eoyal Horao Artillery in the Army under Wood, 
tho Duke of Wellington, 8vo. London 1859. 

SECOHI (A,, For. Mom. 11.S.) Dcsorisriono dolnuovo Osaemtorio dol Collegio Tho Author, 
llomano, &c. 4to. Itoma 1858. 

______—— Qundro Fitdoo del Sistema Soloro, 1858. (Co- ■ -■■■ — 

lomod Shoot.) 

SIGARD (A.) Monographic do la Canno & Sucro do la Chine dito Sorgho t\ Sucre. Tho Author. 

Tomes I. II. S“° Edition. 8vo. Paris 1858. 

SMEE (A., F.lt.S.) Gonoral Dolrility and Defcctivo Nutrition s thoir Ctmsos, Tho Author, 

Cansoquoncos, and Treatment. 8vo. London 1850. 

SMITH (llov, S. S.) An Essay on tho Cuiwos of tlio Variety of Complexion and J. Yatos, Esq., F.lt.S. 

Figuro in tho Human SpocioH, Ac. ltoprintod. 8vo. Edinburgh 1788, 

SMYTH (C. P., F.lt.S.) ltoport on tho Touoriffo Aslronojnicnl Experiment Tho Admiralty. 

of 1860, Ac. 4to. London and Edinburgh 1858, 

SOllBY (H. C., F.11.S.) On tho Microscopical Structure of Crystals, indicating Tho Author, 
tho Origin of Minorals and Rocks. 8vo. London 1858. (Exempt from 
Quarterly Journal of Oeol. Soo.) 

SPltATT (T. A. 13., Copt.) An Investigation of tho Eilbet of the Prevailing Tho Admiralty. 

Wavo Muonco on tho Nile’s Deposits, fid. London L851J. 

STAINTON (H. T.)’ Tho Natural History of tho Tinoina. VuL lit. 8vo. Tho Author. 

London 1858. 

.... ThoEntoindogist’s Annual for 1859. 8vo. Lowlon 1858. --*—• 

STENHOUSE (.T,, F.lt.S.) On tho Economical Application** of Charcoal to Tho Author. 

Sanitary Purposes. Third Edition. 8vo. London 1855, 

STEPHENSON (Sir Macdonald.) Itomai-ks upun tho Practicability mid Ad- Tho Author, 
vantage of Railway Communication in European and Awatio Turkey, 8vo, 

London 1859, With a Map. 

STEEMEB (G. F.) Dio Cholera. Ihro Aotidogio und Patliogonoso, iliro TlioAutiior, 

ProphykxO nnd Thorapio. Badrt auf den Voraondorlichon Ozongehalt dor 
Lufb und dosson Erafluss auf dio Athmnng. 8vo, Kmnigsberg 1858. 

STTJ DEB (B.) Einleitung in das Studium dor Physih und ELomonto dor Mo- Tho Author, 
chanik, 8vo. Bern, Zurich 1859. 

TOBTOLINT (B.) (Editor.) Annali di SdoMo Matematiaho o Fisicho, TomoVIH. Tho Editor. 

8 vo. Roma 1857. 

- — — Annali di Matomaticho Pura od Applicatu. Tomo I. - 

4to. Roma 1858. 

VAN DEE WILUGEN (V. S. M.) Over hot Elootmch Spootrttm, Parte 1-7, Tho Author. 

(Reprinted from Vend, on Mod. Kon. Akad, Deel 7 A 8.) 8yo, Amsterdam. 

WARD (F. 0.) Purification of the Thames, 8vo. London 1858. W. Coniagham# Esq,, M.P. 

IpEWELL (Eev. W., F.E.S.) History of Sdentifio Ideas, hoing tho first Tho Author. 

1 Itori of the Philosophy of tho Inductive Sciences, Third Edition. Two 
Volumes, 8vo. London 1868. 

W^PTH (Walter.) A Month in Yorkshire. Second Edition. 8vo, London The Author. 

1858, 

WH1TW 0BTH (J., 1 Mlscetesous Papers on Mechanical Su^oota, The Author. 

- , 8 * 0 ,London 1858, ' ‘ r ,, > ^ 
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Presents. 

'WILKES (Oapt. 0.) Theory of the Zodiacal Light. 4to. JPhiladetphia 1867. 
WTTJ.T fTFT (0. M.) Interest and Time Commutation Tables, from fy to 10 por 
coat. 8vo. London 1867. 

. _ - _ Annual Supplement to Tithe Commutation Tables, 1856, 

1866,1867,1858. 8vo. London. 

WING (Y.) and LETBOUUN (W.) Urania Praotica: or Practical Astronomio. 
8vo. London. 

WOLEEES (J. P.) Tabu!®' Roduotionum Obsemtionum AHtronomicarum 
Atitiib I860 usque ad 1880 respondentes. 8vo. Berolm 1858. 


Donors. 
Tho Author. 
Tho Author. 


J. Yatos, Esq,, F.R.B. 

Tho Obscr\atory, Konigs- 
berg. 
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